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PACKAGING 

V. THE GREASE RESISTANCE OF SOME COMMON Amvn 

MATERIALS 1 

By C. G. Lavers 2 


Abstract 

The grease resistance of a wide variety of packaging materials was tested 
before and after creasing and ageing, using a modification of TAPPI method 
T454 m-44. Kraft and sulphite were of little or no value as grease barriers even 
after paraffin wax coating or impregnating. Vegetable parchment and 
‘greaseproof’ paper were superior to kraft. The grease resistance of glassine 
was 5 to 10 times greater than that of either greaseproof paper or vegetable 
parchment. Polyethylene, in turn, was considerably more resistant than 
glassine, and just slightly less resistant than all grades of “Cellophane”, and 
cellulose acetate, cellulose nitrate, ethyl cellulose, Pliofilm, vinylite, and Saran. 

Creasing glassine caused large reductions in its grease resistance, especially 
when heavy basis weights were tested. Paraffin wax coatings seemed to be 
more effective in improving grease resistance when dense base stocks were used. 
On kraft, a heavy wax coating was necessary to produce a small improvement, 
while on glassine only a very light coating was required, to bring about con¬ 
siderable improvement in grease resistance. Ageing many materials at 140° F. 
markedly reduced their grease resistance. An exception to this was glassine, 
most samples of which had greater resistance to grease penetration after ageing. 
Neither ageing nor creasing appreciably affected the grease resistance of Cello¬ 
phane, or the thermoplastic films tested. 


Introduction 

To design a suitable package for a particular food, a knowledge of the 
mechanical strength, water-vapour resistance, sealing properties, grease 
resistance, etc., of many packaging materials is usually necessary. Earlier 
publications in this series have dealt with the water-vapour transmission and 
mechanical strength of several packaging materials (2, 3). The-purpose of 
the present study is to evaluate the grease resistance of many of the materials 
commonly used in food packaging. 

Materials and Methods 

The materials tested included kraft, sulphite, cellucine, glassine, vegetable 
parchment, manilla, ‘greaseproof’ paper, “Cellophane”, and several thermo¬ 
plastic films including cellulose acetate, cellulose nitrate, ethyl cellulose, 
vinylite, polyethylene, Saran, and Pliofilm. Many of the materials were 

1 Manuscript received July 25 , 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa. Issued as Paper No. 173 of The Canadian Committee on Food Preservation and as 
N.R.C. No. 1475. 

2 Chemical Engineer t Food Investigations . 
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examined in both the waxed and unwaxed states and at several different basis 
weights. A detailed description of all samples studied is given in Table I. 

The method of testing grease resistance was essentially that described in 
TAPPI method T454 m- 44, with certain modifications. By this method a 
small pile (5 gm.) of sand is placed on the sample to be tested, to this is added 
1.1 ml. of turpentine containing a red dye, and the time required for the 
coloured turpentine to penetrate the sample and stain a sheet of white paper 
placed beneath it is measured. The samples were not conditioned and tested 
at a fixed temperature and humidity as required by T454 m- 44, all deter¬ 
minations being done at room conditions (approximately 75° F., 35% relative 
humidity). The TAPPI standard test for grease resistance also states that 
30 specimens of each sample should be tested. In this study 15 specimens of 
unaged, and five of aged, samples were tested. This reduction in the number 
of specimens tested was believed to be justified because preliminary trials 
had shown that variations between samples of one type of material from dif¬ 
ferent sources were greater than the variations between different specimens 
of a single sample. Since samples were available from a single source only 
and were often taken from the same roll, it was considered that the number 
of determinations done gave sufficiently accurate values for a particular 
sample, and for setting up a relative scale for comparing the various materials. 

The relative scale used was as follows: 


Time for dye to penetrate 
sample, sec. 

Grease resistance 
score 

0 - 50 

0 

50 - 500 

1 

500 - 1000 

2 

1000 - 2000 

3 

2000 - 4000 

4 

4000 - 8000 

5 

8000 - 18000 

6 

>18000 

7 


The large number of determinations that had to be done necessitated the 
adoption of a more convenient procedure than moving each sample to see if 
penetration had occurred. To overcome this difficulty, a low platform 
(18 in. high) with a glass top was placed on the laboratory bench. This was 
illuminated from below with a fluorescent light of suitable length. Samples 
were then placed on the top of the glass sheet, replacing the white book paper 
of T454 m-44 with a thin tissue that the coloured turpentine penetrated 
instantly. With this arrangement test specimens could easily be examined 
for penetration from underneath without moving any samples, making it 
possible to do many determinations simultaneously. 

Since the grease resistance of a creased sheet may be considerably less than 
that of the uncreased material, samples were tested both before and after 
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creasing. The method of creasing has been described.* Briefly it consists 
in making two creases in the material crossing at right-angles by folding first 
in one direction and then in the opposite, the crease being produced by placing 
a 1 lb. weight on the loosely folded material. 

To simulate long term storage under dry conditions samples were aged 
for one week at 140° F., low humidity (approximately 6%), conditioned for 
24 hr. at room temperature and humidity, and their grease resistance subse¬ 
quently tested. 

Results 

Grease resistance scores are given in Table I. Values that are recorded as 
7 indicate that penetration did not occur in five hours. Tests were not run 
longer than this because it was found that at the end of five hours almost 
all the turpentine had evaporated. 

When untreated (i.e., unwaxed, not laminated, and not aged or creased) 
base stocks were considered, it was obvious that kraft and ordinary sulphite 
papers were of little or no value as grease barriers. Vegetable parchment 
and ‘greaseproof’ paper had approximately equal resistances, and were superior 
to kraft. Although the values obtained for greaseproof paper were rather low, 
materials of this type can be produced with very high grease resistance, as 
shown by the commercial sheets designated in Table I as Lard Liners and 
Shortening Papers. The very high resistance of these materials was probably 
a result of the type of pulp used, and the treatment applied to it in the beater 
(1). The grease resistance of most samples of glassine was 5 to 10 times 
greater than that of either greaseproof paper or vegetable parchment. Poly¬ 
ethylene was considerably more resistant than most samples of glassine, but 
less resistant than Cellophane, cellulose acetate, cellulose nitrate, ethyl 
cellulose, Pliofilm, vinylite, and Saran. 

Creasing unwaxed and unaged samples of many materials caused consider¬ 
able reduction in their grease resistance. This was especially noted with 
glassine. For this material, the reduction in grease resistance score upon 
creasing became greater as the basis weight of the sample increased. Creasing 
did not appreciably affect the grease resistance of Cellophane or the various 
thermoplastic materials tested. 

The effectiveness of paraffin wax in improving grease resistance appeared 
to depend largely on the nature of the base sheet to which it was applied. 
On kraft, dry waxing, i.e., wax impregnating, had little beneficial effect. 
Kraft, paraffin coated on one side, did not show any improvement in grease 
resistance until a basis weight of 60 lb. per ream (ream weights refer to 500 
sheets, 24 by 36 in.) was used with a 12 lb. wax coat. Samples coated on 
both sides showed some resistance when 25 lb. material was waxed to 35 lb. 

* Wrapping greaseproof. Canadian Packaging Committee Code 105. Sept . 75 , 1945 . 
Currency available from Forest Products Laboratories , Department of Mines and Resources , 
Ottawa , Canada . 
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TABLE I 

The grease resistance of some common packaging materials 


Material 

Grease resis 

Materials as 
received 
(average 15 
determinations) 

itance score 

Materials aged one 
week at 140° F. 

(average 5 
determinations) 

Flat 

Creased 

Flat 

Creased 

Kraft 





SO lb. 

0 

0 

0 

0 

30 lb. dry waxed to 36 lb. 

t 

o 

0 

0 

0 

45 lb. dry waxed to 55 lb. 

0 

0 

0 

0 

15 lb. waxed one side to 20 lb. Wax up 

0 

0 

0 

0 

Wax down 

0 

0 

0 

0 

28 lb. white, waxed one side to 31 lb. Wax up 

0 

0 

0 

0 

Wax down 

0 

0 

0 

0 

30 lb. waxed one side to 38 lb. Wax up 

0 

0 

0 

0 

Wax down 

0 

0 

0 

, 0 

60 lb. blue, waxed one side to 72 lb. Wax up 

1 

0 

1 

0 

Wax down 

3 

0 

1 

0 

25 lb. waxed two sides to 35 lb. 

2 

0 

1 

0 

25 lb. waxed two sides to 50 lb. 

2 

0 

1 

0 

45 lb. waxed two sides to 65 lb. 

3 

0 

1 

0 

80 lb. waxed two sides to 105 lb. 

4 

0 

3 

0 

25 lb. coated one side with a flexible 





wax composition to 65 lb. Wax up 

5 

3 

5 

4 

Wax down 

4 

3 

5 

4 

25 lb. wax laminated (5 lb. wax) to 





25 lb., thermoplastic coated Coating up 

3 

0 

0 

0 

Coating down 

1 

0 

0 

0 

Sulphites 





20 lb. dry waxed to 24 lb. 

0 

0 

0 

0 

30 lb. dry waxed to 38 lb. 

0 

0 

0 

0 

40 lb. dry waxed to 48 lb. 

1 

0 

0 

0 

20 lb. unfilled, waxed two sides to 30 lb. 

1 

0 

0 

0 

20 lb. filled, w'axed two sides to 30 lb. 

1 

0 

1 

0 

Manilla 





48 lb. waxed two sides to 67 lb. 

3 

0 

2 

0 

Cellucine 





20 lb. waxed two sides to 25 lb. 

1 

0 

1 

0 

Vegetable parchments 





27 lb. 

1 

1 

1 

1 

40 lb. 

2 

1 

1 

1 

27 lb. waxed one side to 34 lb. Wax up 

2 

1 

2 

1 

' Wax dow'n 

3 

1 

2 

1 

27 lb. waxed two sides to 33 lb. 

1 

1 

2 

1 

‘Greaseproof’ papers 





20 lb. full-bleached 

1 

1 

1 

1 

25 lb. full-bleached 

1 

1 

1 

1 ' 

30 lb. full-bleached 

1 

1 

1 

1 

35 lb. full-bleached 

1 

1 



40 lb. full-bleached 

3 

1 

2 

1 

25 lb semibleached 

1 

1 ! 

1 

1 

25 lb. full-bleached, wet strength 

1 

1 

2 

1 
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TABLE I —Concluded 

The grease resistance of some common packaging materials —Concluded 



Grease resistance score 

Material 

Materials as 
received 
(average 15 
determinations) 

Materials aged one 
week at 140° F. 

(average 5 
determinations) 


Flat 

Creased 

Flat 

Creased 

Lard liners 





30 lb. full-bleached, semiplastic 

3 

2 

3 

1 

40 lb. full-bleached 

7 

7 

7 

5 

Shortening papers 





25 lb. superplastic 

4 

3 

7 

7 

35 lb. superplastic 

5 

4 

7 

7 

44 lb. superplastic 

' 7 

7 

7 

7 

Glassines 





20 lb. full-bleached 

5 

3 

5 

5 

25 lb. full-bleached 

4 

2 

3 

2 

30 lb. full-bleached 

6 

1 

4 

3 

40 lb. full-bleached 

6 

1 

3 

1 

25 lb. full-bleached, opaque 

2 

1 

1 

1 

40 lb. full-bleached, opaque 

3 

1 

1 

1 

25 lb. full-bleached, opaque, plasticized 

2 

1 

2 

1 

30 lb. full-bleached, plasticized 

5 

2 

5 

4 

25 lb. semibleached 

3 

1 

4 

3 

25 lb. red 

3 

3 

3 

3 

25 lb. red, plasticized 

1 

1 

3 

2 

20 lb. amber 

3 

l 

3 

3 

25 lb. amber 

2 

1 

3 

1 

30 lb. amber 

4 

2 

4 

2 

25 lb. yellow 

2 

2 

4 

1 

28 lb. yellow 

3 

1 

4 

1 

25 lb. chocolate 

1 

1 

3 

2 

25 lb. blue 

3 

3 

4 

3 

25 lb. waxed two sides to 28 lb. 

7 

7 

7 

7 

55 lb. wax laminated, bleached 

7 

7 

7 

7 

25 lb. wax laminated to 25 lb. kraft 

7 

7 

7 

7 

Cellophanes 





300 P.T. 

7 

7 

7 

7 

300 M.S.T. 

7 

7 

7 

7 

300 M.S.A.T. 

7 

7 

7 

7 

300 M.S.Y.T. 

7 

7 

7 

7 

Thermoplastics 





Polyethylene (0 0P3 in.) 

6 

6 

6 

6 

Saran (0 002 in.) 

7 

7 

7 

7 

Vinylite (0.002 in.) 

7 

7 

7 

7 

Pliofilm (0.002 in.) 

7 

7 

7 

7 

Cellulose acetate (0.002 in .) 

7 

7 

7 

7 

Cellulose nitrate (0.003 in.) 

7 

7 

7 

7 

Ethyl cellulose (0.005 in.) 

7 

7 

7 

7 
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None of the paraffin waxed kraft samples showed any grease resistance after 
folding. The kraft sample coated 40 lb. per ream with a flexible wax com¬ 
pound had a much greater transudation time than paraffin coated samples, 
and retained considerable resistance after folding. The sample of 60 lb. 
kraft, paraffin coated on one side to 72 lb., showed considerably greater grease 
resistance when the unwaxed side of the sheet was next to the turpentine; 
however for the sample coated with a flexible wax compound the opposite 
was true. The explanation for this is not apparent. Wax laminating two 
sheets of kraft effected no improvement in grease resistance after folding. 
Samples of paraffin waxed sulphite were no better than similar samples of 
waxed kraft. 

While only one sample of each of manilla and cellucine were tested, paraffin 
waxed manilla had a resistance similar to that of waxed kraft, and waxed cellu¬ 
cine was little better than waxed kraft. Paraffin coated vegetable parchment 
required less wax than kraft paper to effect an improvement in grease resistance 
but, as with kraft, wax-coated vegetable parchment was no better than the 
unwaxed material after creasing. The results obtained with samples of 
paraffin coated vegetable parchment indicated that for a given weight of 
wax-coating, greater grease resistance could be achieved by putting all the 
wax on one side of the paper, rather than by dividing it between the two 
sides. Vegetable parchment, paraffin coated on one side, had greater resist¬ 
ance when the unwaxed side was toward the turpentine. Since paraffin coated 
kraft behaved in a similar manner it appears that papers coated on one side 
with paraffin should be used with the unwaxed side toward the greasy surface- 

Application of a very light paraffin wax coating to glassine markedly im¬ 
proved its grease resistance both before and after creasing, and wax laminating 
glassine to glassine, or glassine to kraft, raised the grease resistance score far 
above that of either sheet alone. The results indicate that the more dense 
the base stocks, the more effective wax coatings become in enhancing the 
grease resistance of paper. 

Ageing many materials at 140° F. markedly reduced their grease resistance. 
The major exceptions to this were Shortening papers and glassine, many 
samples of which had greater resistance to grease penetration after ageing. 
The resistance of creased samples of these stocks was markedly improved by 
ageing. When they were aged, much of the wax ran off the kraft samples 
that were coated with paraffin, and the material assumed the appearance of a 
dry waxed sheet. Ageing the kraft sample coated with a flexible wax com¬ 
pound did not lower the grease resistance score of the uncreased material, and 
creased samples had a greater resistance after ageing. The probable reason 
for this is that the temperature was not high enough to cause the wax to run 
off the paper, although it was sufficiently high to cause some of it to soak 
into the sheet. The vegetable parchments, greaseproof papers, Cellophanes, 
and thermoplastic films tested were not visibly affected by the high 
temperature storage. 
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PACKAGING 


VI. THE RELATIVE MERITS OF VARIOUS TYPES OF BAG CONSTRUCTION 
IN PRODUCING WATER-VAPOUR RESISTANT PACKAGES 1 

By C. G. Lavers 2 


Abstract 

Water-vapour penetration was measured on pouch, flat, wedge, and square 
liner bags fabricated from Reynold’s Metal A-51, 300 M.S.A.T. “Cellophane” 
coated 40 lb. per ream with a flexible wax composition, 55 lb. laminated bleached 
glassine, and 300 M.S.A.T. Cellophane. The bags were closed, where the 
material permitted, by heat-, glue-, and pressure-sealing, and by folding with or 
without tin-tie closures. 

When Reynold’s Metal A-51 or waxed Cellophane was used, excellent water- 
vapour resistance could be achieved with any of the bag types investigated, and 
a folded closure was as efficient as a heat-seal. With all materials except 300 
M.S.A.T. Cellophane, bags made with glue were almost as good as those with 
heat-sealed construction. Unwaxed Cellophane or glassine provided more 
protection when the simpler forms of bags (pouch) were used. With unwaxed 
Cellophane, heat-sealing appeared to make a better liner than the use of glue, 
and a heat- or glue-sealed closure was superior to a double fold. 


Introduction 

An important factor in the packaging of many foods is the prevention of 
the passage of water-vapour either into or out of the package. Many flexible 
water-vapour barriers have been developed for this use. The water-vapour 
resistance of many of these barriers has already been assessed (1, 2), and it 
has been shown that, for products not likely to rupture the barrier, the best 
method of applying a water-vapour barrier is as a liner inside a carton (1). 
While the pouch type liner bag has generally been assumed to provide the 
greatest resistance to passage of water-vapour, little definite information is 
available on the relative merits of various types of bag construction. The 
purpose of this paper is to compare the water-vapour resistance of liner bags 
made in the basic commercial styles. 

Materials and Methods 

The names applied to various methods of forming bags are not constant 
from manufacturer to manufacturer, therefore the styles of bags tested and 
the names applied for the purpose of this study are illustrated in Fig. 1. 
The ‘pouch* bag is the simplest to make, having only a seam at either side, 
and there is the least possible opportunity for water-vapour transmission 
through seams and seals. The ‘flat* bag has two seams, one along the side, 
and another at the bottom; the junction of the side and bottom seams is a 

1 Manuscript received July 25, 1946. 

Contribution from the Division of Applied Biology, National Research Laboratories, 
Ottawa. Issued as Paper No. 176 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1478. 

* Chemical Engineer, Food Investigations. 
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possible point of entry for water vapour. The ‘wedge* type bag shown in 
Fig. 1 has a single side seam, gussets, and a wedge closure (Fig. 2) at the 
bottom. The additional folds in this type of bag might be expected to cause 
higher rates of water-vapour transmission in it than in the previous types. 
Glue-sealed ‘square*, or self-opening bags, shown in Fig. 1, were made with 
both the common grocery bag style of bottom, and with a ‘flat* seal (Fig. 2) on 
the bottom. The flat bottom seal should improve the water-vapour resistance 
of this type of bag over that of the wedge style of bag unless the material 
used is sensitive to the added creasing required to make it square when 
opened. Square bags made using heat-sealed construction were necessarily 
of the flat bottom closure style. 

Besides the closures illustrated in Fig. 2, unsealed single and double fold 
closures, some with and some without a tin-tie were tested. When folded 
closures are used special care must be taken to see that the box is well filled 
so the top of the carton will prevent the fold from opening. In the course of 
the study, pressure sealed bags were also examined. Only heavily waxed 
material could be used for this purpose. All seams were heat-sealed except 
the final closure, which was made by running a dull pencil point across the 
mouth of the bag, causing the waxed surfaces to stick together. 

Four materials with various characteristics were used to make the liners 
for this investigation. These were: Reynold’s Metal A-51 (kraft paper 
laminated to metal foil coated with Butvar), 300 M.S.A.T. “Cellophane*’ 
coated 40 lb. per ream with a flexible wax composition, 55 lb. laminated 
bleached glassme (coated on one side with a heat sealing composition), and 300 
M.S.A.T. Cellophane. When Reynold’s Metal A-51 was used to make glue- 
sealed bags it was necessary to reverse the material and place the kraft on the 
inside of the bag and the heat-sealing surface outside. 

The combinations of materials, bag styles, and closures tested are given in 
Table I. 

The method of measuring water-vapour transmission was the same as that 
used in a previous investigation (1). The materials were fabricated into 
liners of suitable size to fit inside a light chipboard carton, 4 by 2\ by 1A in- 
opening end, 2f by 1H in.)- The liner was opened, inserted into a carton, 
and partially filled with sawdust; then 73.5 gm. of anhydrous calcium chloride 
in a perforated P.T. Cellophane bag was added; this bag was surrounded by 
sawdust and the remainder of the liner was filled with sawdust; the liner and 
carton were then closed. Six filled packages were used to test each type of 
liner bag, and six packages without calcium chloride and sawdust were used 
to estimate the sorption of water-vapour by the packaging materials. The 
filled packages and dummies were placed in a cabinet operating at 95° F. and 
100% relative humidity (vapour-pressure differential, approximately 42 mm. 
of mercury), and moisture gain was determined by weighing each package at 
weekly intervals for four weeks. 



10 


CANADIAN JOURNAL OF RESEARCH. VOL. 25, SEC. F. 

TABLE I 

Water-vapour transmission (gm. per week) of various types of liner bags 


(Standard error for mean transmission rates, 0.32 gm. per week) 





Packaging material 


Construction and type of bag 

Closure 

Reynold's 
Metal A-Sl 

300 M.S.A.T. 
Cellophane 
coated 

40 lb. /ream 
wax 

composition 

55 Lb. 
laminated 
bleached 
glassine, 
coated with a 
heat-sealing 
composition 

300 

M.S.A.T. 

Cello¬ 

phane 

Glue-sealed 

Pouch 

Glue-sealed 

Flat 

0.26 


1.29 

2.86 

Flat 

Flat 

0.22 

_ 

1.98 

4.91 

Wedge 

Wedge 

0.26 

_ 

1.75 

5.78 

Square, bottom sealed as for 

Wedge 

0.22 

_ 

2.25 

3.74 

flat bag 

t Square, bottom sealed as in a 

Wedge 



2.33 

3.74 

grocery bag 

Heat-sealed 

Pouch 

Heat-sealed 

Flat 

0.0 

0.29 

1.24 

1.46 

Flat 

Flat 

0.17 

0.47 

1.39 

2.53 

Wedge 

Wedge 

0.34 

0.43 

1.70 

2.78 

Square, bottom sealed as 

Flat 

0.0 

0.44 

3.43 

3.78 

for flat bag 

Wedge 

0.0 

0.83 

2.92 

4.16 

Pouch 

Unsealed 

Single fold, tin-tie 

0.0 





Double fold, tin-tie 

0.0 

_ 

_ 

_ 

Square, bottom sealed as 

Double fold, flat 

0.19 

0.53 

3.24 

4.68 

for flat bag 

Double fold, wedge 

0.21 

0.82 

3.10 

4.69 


Pressure staled 

Double fold, flat 


0.60 




Double fold, wedge 

— 

0.56 

_ 

_ 


Single fold, flat 

— 

0.62 

— 

— 


Results 

Water-vapour transmission rates of the various types of bags tested are 
shown in Table I. These values were calculated by the method used in a 
previous study (1). The standard error for the mean transmission rates 
reported in the present study was of the same order of magnitude for all the 
different bag types. The average standard error was 0.32 gm. per week. 
For all types of bags the protection provided by the different materials in 
decreasing order of efficiency was: Reynold’s Metal A-51, 300 M.S.A.T. 
Cellophane wax-coated 40 lb. per ream, 55 lb. laminated bleached glassine, 
and 300 M.S.A.T. Cellophane. This agrees with results obtained in a previous 
study (1). 

The various types of liner bags made from Reynold’s Metal A-51 did not 
differ significantly in behaviour. However, the transmission of glue-sealed 
bags was generally slightly higher than that of those made with heat-sealed 
construction, and the heat-sealed wedge bag appeared slightly inferior to the 
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other types. The water-vapour transmission of unsealed bags (folded 
closures), with or without a tin-tie, did not differ markedly from that of bags 
that were heat-sealed, but the addition of the tin-tie to a folded closure 
improved the water-vapour resistance somewhat. 

Although no significant differences occurred in the water-vapour resistances 
of the various types of bags made of wax-coated Cellophane, the pouch type 
bag appeared to be slightly superior. Little difference in transmission was 
expected between types made with this material because the heavy wax 
coating when melted in the heat-sealing operation would flow into places 
around folds in the seal that might be left open when other materials are used. 
Unsealed folded closures were as good as those that received the added treat¬ 
ment of pressure sealing. This would probably not be true, however, if the 
fold was not held closed by the outer carton. 

For any one type of bag little difference was noted between glue- and heat- 
sealed construction with liners made of laminated glassine. There was, 
however, a tendency for the efficiency of the bag to decrease as the complexity 
of construction increased, i.e., from pouch to flat to wedge to square. This 
was attributed to the combined effect of increased difficulty in .sealing and the 
added folding of the material required in making the more complex bags. 
Glassine, being a relatively brittle material, develops pinholes easily when 
folded. Square, glue-sealed liners with the bottom sealed as in a grocery bag 
were as good as those with a flat seal on the bottom; and the water-vapour 
resistance of bags with a folded closure was equal to that of bags closed by 
heat-sealing. 

Unlike the bags made of laminated glassine, heat-sealed Cellophane bags 
in the pouch, flat, and wedge styles were superior to those made with glue. 
This was probably due to the greater spring-back that occurs when Cellophane 
is folded. Cellophane is a very thin material, not readily creased, and it is 
difficult to obtain a perfect glue-seal (especially at corners) unless true surfaces 
are used to hold the material in place until such time as the glue has set. As 
with glassine, the more complex types of bags, whether heat- or glue-sealed, 
were generally less efficient water-vapour barriers. Equal protection was 
provided by square, glue-sealed bags with grocery or flat style bottoms. 
Folded closures on Cellophane bags were inferior to heat seals, likely because 
the thin springy nature of this material caused some opening of the fold even 
though the bags were well filled and held shut by the outer container. 

Discussion 

When the results in Table I are considered, it must be remembered that all 
bags were carefully made in the laboratory, and great care would be required 
to produce bags of equal quality on a commercial scale. For example, a 
square bag with a grocery type bottom as used in this experiment would be 
sealed more completely than the same product from most bag making machines 
at present in use. However, once the plant process has been perfected it 
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should be possible to make bags in any style superior to those used in this 
study. Nevertheless the results given here should represent the relative 
effectiveness of the various bag types, materials, and closures. 

Fairly heavy materials, like Reynold’s Metal A-51, and heavily waxed 
sheets (flexible wax composition) that are not sensitive to creasing can be 
formed into bags with high water-vapour resistance regardless of the type of 
bag used, and a folded closure can be as efficient as a heat-seal. However, 
materials that are sensitive to creasing, such as glassine, are best utilized for 
only the simpler types of bags. With materials like Reynold’s Metal and 
glassine, bags sealed with glue are almost as good as those made with heat- 
sealed construction. 

Thin springy materials, like unwaxed Cellophane, provide more water- 
vapour resistance when the simpler forms of bags (pouch) are used, and a 
heat- or glue-sealed closure is superior to a double fold. Heat-sealing rather 
than the use of glue appears to make a better liner with this packaging material. 

The above results indicate that it is generally desirable to keep bag con¬ 
struction as simple as possible if the most protection from loss or gain of water 
vapour is to be expected. However, the bags of simple construction are often 
more difficult to use in small scale commercial or home operations. For these 
uses, the more complex bags may be satisfactory for packaging many products 
provided suitable materials are employed. 

Acknowledgments 

The author wishes to express his gratitude to Dr. J. A, Pearce of these 
laboratories, and Dr. A. H. Woodcock of E. S. & A. Robinson (Canada) Ltd., 
for their kind advice, and to Mr. R. F. Plante for his technical assistance. 

References 

1. Lavers, C. G. and Pearce, J. A. Can. J. Research, F, 24 : 409-419. 1946. 

2. Woodcock, A. H., Chapman, M. G., and Pearce, J. A. Can. J. Research, F, 23 : 109-116. 



13 


DRIED MILK POWDER 

VII. THE EFFECT OF SEASON OF PRODUCTION ON KEEPING 

QUALITY 1 

By Jesse A. Pearce 2 and W. A. Bryce 2 


Abstract 

Milk powders of 1% butterfat content, produced in the fall of the year, had 
higher initial palatability scores than similar powders prepared in the spring. 
The skim milk powders from fall milk decreased in quality throughout a storage 
period of 16 wk. at temperatures of 80°, 100°, or 120° F. Similar powders from 
spring milk stored at 80° F. increased in quality throughout the storage period 
while those stored at 100° and 120° F. first increased and then decreased in 
quality. Powders of 26 or 28% butterfat, produced in the spring or in the fall, 
had equal initial palatability scores and when stored deteriorated equally. Fall 
milk powder containing 30% butterfat was better initially than the comparable 
spring sample, but, when stored, quality changes in both types were about equal. 
At each storage temperature all u^hole milk powders deteriorated at about the 
same rate. 


Introduction 

In conjunction with investigations of some of the factors affecting deteriora¬ 
tion of milk powder, e.g., cooling subsequent to drying (5), exposure to light (6), 
storage temperature (1), method of packing (7, 11), moisture content (1), and 
producer (1), it was deemed advisable to evaluate the difference in the 
behaviour of milk powder produced at different seasons of the year. 

It has been shown that liquid milk obtained during the fall and winter 
months has a higher solids content than spring and summer milk (2, pp. 
29-31; 4, p. 405; 10, pp. 55-61), that spring milk is poorest in fat and fall milk 
the richest (2, 10) and that the fat of milk produced in the fall of the year, when 
good pasture is no longer available, has a lower iodine value than the fat of 
spring milk (3). It would be expected, therefore, that fall milk, when dried, 
would be more stable than powder produced in the spring. This paper 
describes the results of a storage study on samples of spring and fall milk 
powders of different fat levels but of equal moisture contents. 

Materials and Methods 

The spring and fall milk powders used in this experiment were spray-dried 
and were produced during the latter part of May and early in December, 1944. 
The butterfat levels compared were 1, 26, 28, and 30%. The moisture content 
of the powders was adjusted to 2% before packing in tin-plate containers with 
air as the headsp&ce gas. The palatability of the powders was determined 
initially and after 2, 4, 8, and 16 wk. storage periods at temperatures of 80°, 

1 Manuscript received in original form December 19 , 1945 , and as revised , October 25 , 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa. Issued as paper No. 171 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1471. 

1 Biochemist , Food Investigations. 
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100°, and 120° F. (27°, 38°, and 49° C.). In assessing the quality of the pow¬ 
ders, samples were reconstituted as previously described (5) and palatability 
was assessed by 14 tasters. Scoring was done on a scale of 10 (the equivalent 
of excellent fresh whole or skim milk) to 0 (a repulsive specimen). A score 
of 4 is usually considered the point at which milk powder is no longer suitable 
for use as a milk drink. The reliability of the scoring by the taste panel has 
been estimated and palatability assessment was found to be more suitable 
than any of the chemical tests of milk powder quality (5). 

Results 

The data for the 4, 8, and 16 wk. samplings were assessed by an analysis of 
variance with the results shown in Table I. This table shows that no constant 
difference could be attributed to the use of either spring or fall milk in powder 
production. The difference between samples was attributed to the inclusion 


TABLE I 

Analysis of variance of palatability data on stored powders 

PREPARED FROM SPRING AND FALL MILK 


Variance attributable to: 

Degrees of 
Freedom 

Mean square 

Seasons 

1 

1.15 

Samples 

3 

1.12* 

Temperature 

2 

15.30** 

Storage time 

? 

11.93** 

Seasons X samples 

3 

2.45** 

Seasons X temperature 

2 

1.45* 

Seasons X time 

2 

3.83** 

Samples X temperature 

6 

0.25 

Samples X time 

6 

0.83* 

Temperature X time 

4 

1.28* 

Residual 

40 

0.35 


* Exceeds the 5% level of statistical significance. 
** Exceeds the 1% level of statistical significance. 


of data for skim milk powder in the comparison. Skim milk powders are 
generally considered to be of poorer quality, when reconstituted as a milk 
drink, than whole milk powders. The significant effects of storage tempera¬ 
ture and storage time have been discussed in earlier papers, and the other 
factors of significance can be explained by referring to Fig. 1. 

As shown in Fig. 1, skim milk powder (1% fat) from fall milk had a higher 
initial palatability than skim milk powder from spring milk but decreased in 
palatability during storage at all temperatures, while the palatability score of 
skim milk powders from spring milk first increased, then decreased during 
storage at 100° and 120° F., but at 80° F. increased throughout the storage 
period. It is of interest to note that in previous studies, all skim milk samples 
exhibiting low initial palatability and increasing palatability during storage 
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have been produced in the spring of the year (5, 6, 7) while the only other 
general decrease similar to that observed in this study was in a powder pro¬ 
duced from fall milk (6). The possibility that this difference in behaviour 
was attributable to plant practice seems unlikely since powders produced in 
the spring by two different companies exhibited parallel behaviour (1). 

80°F. IOO°F. I20°F. 



TIME IN WEEKS 

Fig. 1. The decrease in palatability of stored milk powders prepared from spring and 
fall milk. 

Whole milk powders having 26 or 28% fat, and prepared from milk produced 
in the spring or in the fall, did not differ from each other in keeping quality. 
However, fall milk powder with 30% butterfat had a higher initial palatability 
than the comparable spring sample. The high-fat, spring powder had a lower 
palatability than any of the other whole milk powders. This difference may 
be attributable to some variation in plant practice. Deterioration in both 
30% butterfat powders occurred at about the same rate. Deterioration in 
all whole milk powders showed comparable trends at the same storage tem¬ 
peratures. Changes in whole milk powders were different from those in the 
skim milk powder from spring milk, but were similar to, although slightly more 
rapid than, the changes in skim milk powder from fall milk. 

Discussion 

Experimental work on milk in Finland (10) has shown an increase in fat 
and protein of milk produced during the summer months and an increase in 
lactose of that produced during the winter months. Since the change in 
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composition of milk as cows go to pasture, and vice versa, is not abrupt, it 
might be expected that the lactose-protein ratio in May would be higher 
than the ratio in December milk. Calculations on American data (6) show 
that, for Jersey cows, the ratio of lactose to protein in May is 1.42 compared 
with about 1.15 for November and December. This makes a difference of 
2.5 to 3% in the lactose content of spring and fall dried whole milk and about 
4% difference in the lactose content of spring and fall skim milk powders. 
This, when considered in relation to the high drying temperatures used in 
preparing skim powders, makes possible some explanation of the difference in 
behaviour of spring and fall skim milk. 

It has been shown that the addition of lactose to a partially defatted milk 
prior to drying provided some protection to the product during storage (8). 
However, it is known that lactose deteriorates rapidly when subjected to heat. 
Spring milk powder might, therefore, have more volatile breakdown products 
from lactose decomposition during drying than fall milk powder. As sug¬ 
gested previously (6), these degradation products may be dissipated as a result 
of the repacking operation or of chemical recombination during storage to 
form substances that do not possess disagreeable flavours. As storage pro¬ 
ceeds, the undesirable degradation products would diminish and the preserv¬ 
ative effect of the higher lactose content of the spring skim milk powder 
would become noticeable. 

Milk fat from cattle on pasture differs in degree of unsaturation from the 
fat of milk from partially stall-fed animals (4). If the milks used here con¬ 
formed in unsaturation to English milks, it would be expected that the butter- 
fat in the fall milk would have an iodine value about six lower than the 
butterfat in the spring milk. Fall milk powder, then, should be more stable 
than spring milk powder. Some reflection of this increased stability may have 
been shown by the higher palatability of the fall milk powder containing 30% 
fat. However, the deterioration noted in powders of 26 and 28% fat con¬ 
tradicted this and indicated that the butterfat at both seasons was equally 
susceptible to deterioration. 

The facts that packing in inert gases affords only partial protection to 
whole milk powder (7), that light exerts a harmful effect on skim milk powder 
(7), and that almost equal deterioration occurred in some whole and skim 
milk powders point to solids-not-fat as an important factor in milk powder 
deterioration. The observation that milk powders containing 50 to 55% fat 
keep 15 to 18 months while powders with 5 to 6% keep only about four 
months (9) supports this assumption. 
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PRESERVATION OF EGGS 

V. METHODS FOR DETERMINING YOLK INDEX 1 

By N. E. Gibbons 2 


Abstract 

Breaking out the egg on a glass plate and measuring the height and width 
of the yolk in position in the white is a rapid and easy method of determining 
yolk index. The correlation coefficient between this method and one of the 
more laborious methods, in which the white is removed, is 97. The predic¬ 
tion equation is y — —0 001 + 0 9172*. 


Introduction 


The use of the yolk index as a measure of egg quality was first proposed by 
Sharp and Powell (3). In their method, the yolk was completely freed of 
all the white. To remove the last traces of adhering albumen, the yolk was 
held in the palm of the hand and wiped gently with a cloth. It was then 
placed on a glass plate, the diameter and height measured, and the yolk 
index calculated by dividing the latter value by the former. After being 
placed on the glass plate the yolk continued to flatten for a considerable 
length of time, but this flattening was most rapid during the first 60 min. 
However, it was possible to obtain reasonably accurate information if the 
measurements were made after the yolk had been standing for five minutes. 
When determining the yolk index by this method, the chances of breaking the 
yolk are obviously high, especially when storage eggs are used. 

The method was modified by Smith (4, pp. 60-61) who left the adherent 
film of white. This involved less handling and less risk of damage It was 
also suggested that the value obtained with the white adhering was of more 
interest as a basis for judgment of quality. A standard period of two minutes 
was allowed to elapse before measurements were made. 

Further modifications were made at the Low Temperature Research Station 
at Cambridge (1). As, in this study, comparisons were made with this 
method it is given in detail: the shell is cracked round by means of a knife 
or scalpel and the contents carefully transferred to an egg separator. As 
soon as the major portion of the thick fraction of the white has passed through 
the opening of the separator, the yolk is allowed to slide into a glass dish 
containing a sugar solution isotonic with the yolk, i.e., 10.4 gm. of sucrose 
per 100 gm. of water. While in this sucrose solution the remainder of the 
thick white and chalazae are removed. The yolk is then placed on a level 
glass plate, covered with a small beaker or crystallizing dish and allowed to 


1 Manuscript received July 22 , 1946. 
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settle for three minutes. The height of the yolk is then determined with a 
depth micrometer and the width measured across the long and short axes. 
The index is expressed as the height divided by the mean width. 

In the N.R.C. laboratories it has been the practice to break out the egg 
onto a glass plate and measure the height and width of the yolk as it rests 
on the white (2). Practically the yolk is never considered without the white 
and as the support given by the albumen lessens with time, as does the strength 
of the yolk membrane, it seems reasonable to measure the yolk in this position. 
Furthermore the above methods are time-consuming and too often consider¬ 
able time and material are wasted because the yolk breaks at the last moment. 
To test the validity of the N.R.C. method a comparison was made between it 
and the method used at the Low Temperature Research Station. 

The N.R.C. method is as follows. The egg is broken out onto a clean level 
glass plate and the yolk diameter measured immediately with calipers along 
the axis bisecting the short and long diameters. The yolk height is then 
measured with a spherometer. These two measurements are completed 
within 30 to 40 sec. of breaking the egg. 

Experimental 

For comparison, the yolk indices of 182 eggs of various grades and storage 
histories were determined first by the N.R.C. method and then by the L.T.R.S. 
method. The scatter diagram and regression line are shown in Fig. 1. The 



Fig. 1 . Relation between yolk indices determined by N.R.C. method and the method used 
by Low Temperature Research Station. 
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correlation coefficient between the two sets of values is . 97. The prediction 
equation is y = —0.001 -f 0.9172#. The N.R.C. method therefore gives 
practically the same results as the longer method, and the losses from breakage 
are negligible. 

As may be seen from the regression line the present method gives slightly 
higher values than the L.T.R.S. method. The white under the yolk con¬ 
tributes slightly to this but the effect decreases as the white thins (Table I). 
This was shown by breaking the eggs out on a cold brass plate, taking the 


TABLE I 

Effect of amount of white under yolk on yolk index when 

MEASURED BY N.R.C. METHOD 



Yolk 

diameter, 

in. 

Yolk 

height, 

in. 

Yolk 

index 

Height 
of white 
under yolk, 
in. 

Corrected 

yolk 

height, 

in. 

Corrected 

yolk 

index 

Fresh eggs 

1.67 

.840 

.503 

.028 

.812 

.486 


1.68 

.780 

.464 

.017 

.763 

.454 


1.74 

.870 

.500 

.030 

.840 

.483 


1.69 

.775 

.458 

.030 

.745 

.441 


1.70 

.730 

.429 

.031 

.699 

.411 


1.78 

.792 

.444 


.772 

.434 


1.65 

.798 

.484 


.766 

.464 


1.69 

.877 

.519 


.839 

.496 


1.64 

.765 

.466 

.035 

.730 

.445 


1.62 

.869 

.536 


.844 

.521 

Average 

1.69 

.810 

.480 


.781 

.464 

Commercial 

1.63 

.695 

.430 

.025 

.670 

.411 

Grade C 

1.67 

.721 

.432 


.681 

Ilf fliyflMp 


1.71 

.752 

.440 


.727 

■M tCTfBi 


1.82 

.645 

.354 


.627 

'1 fffli 


1.61 

.686 

.426 

mm jitVfll 

.679 



1.70 

.679 

.399 

.024 

.655 



1.69 

.783 

.463 


.754 



1.82 

.815 

.448 

Ml 

.775 

MM 


1 68 

.695 

.414 

mmm 

.673 

.401 


1.65 

.722 

.438 

.031 


.419 

Average 

1.70 

.719 

.424 

.026 

.693 

.409 

Experimental eggs 

1.98 

.397 

.201 

.002 

' 

.199 

stored at 70° F. 

1.82 

.585 

.321 



.315 


1.70 

.631 

.371 


■ 

.366 


1.89 

.540 

.285 



.280 


1.76 

.602 

.342 


.601 

.341 


1.77 

.571 

.322 



.319 


1.81 

.512 

.283 



.282 


1.78 

.605 

.340 



.336 


1.78 

.535 

.300 

llHriVHf 


.299 


1.80 

.617 

.343 


.600 

.333 

Average 

1.81 

.560 

.311 

.007 

.553 

.307 
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usual measurements, and then placing the plate over a steam jet. The 
albumen was quickly coagulated, the yolk removed, and the thickness of the 
albumen measured. 

The flattening of the yolk due to the removal of the supporting albumen 
should also reduce the yolk index. The differences in yolk index of 60 eggs, 
as determined by the two methods, ranged from 0.066 to 0.020, and this 
flattening may contribute the greater part of the difference. The effect of 
both the white under the yolk and the removal of the supporting albumen 
decreases as the quality of the egg decreases. This is evident from the slope 
of the regression line. 
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THE EFFECT OF METHOD OF COOKING ON THE MOISTURE 
CONTENT OF CANNED PRE-COOKED POULTRY MEAT 1 

By D. MacDougall 5 and N. E. Gibbons 3 

Abstract 

Moisture content of the meat and solid content of the broth from open- and 
pressure-cooked chicken and fowl were investigated during cooking and subse- 
quent processing. During cooking, pressure-cooked meat lost more moisture 
than open-cooked meat, but during canning and separating the reverse was 
true. For these reasons, approximately 4 oz. of open-cooked meat, as compared 
with 3.6 oz. of pressure-cooked meat, must be canned to obtain 3.5 oz. of meat 
in the finished product. During cooking there was a greater loss of moisture 
from dark than from light meat. Under all the cooking conditions used the 
loss of weight from fowl during processing and separation was greater than that 
from chicken meat. The loss in weight of meat during canning and processing 
is mainly due to moisture changes rather than the loss of solids. 

Introduction 

Canadian regulations (1) state that canned poultry to be sold as ‘jellied 
.pack* must have a solid meat content of not more than 55% and not less 
than 50% of the final pack. Poultry canners who used the open-cook method 
were originally led to believe that, if 3§ oz. of solid meat were to be obtained 
from a 7-oz. can after retorting and separating, it was necessary to place 3f oz. 
of cooked meat in the can. Both canners and poultry inspectors found that 
the loss of weight with open-cooked meat was greater than allowed for by the 
above limits. On the other hand with pressure-cooked meat there was little 
difficulty in meeting the requirements. Therefore, it was decided to investi¬ 
gate the moisture relations of poultry meat throughout the usual canning 
operation. Both chicken and fowl were studied and the light and dark meat 
were treated separately. Moisture content of the meat and solid content 
of the broth before and after the various heat treatments involved were 
investigated. 

Experimental Procedure 

Moisture was determined by cutting a sample of meat into a weighed 
aluminum drying dish, placing this in an air oven at 100° C. for two hours, 
and finally drying to constant weight in vacuo at 100° C. A period of 16 hr. 
in the vacuum oven was shown to be sufficient time for samples to reach 
constant weight and therefore this drying time was used throughout the 
experiment. The solid content of the broth was determined by drying 
the sample to constant weight in a small beaker in the air oven at 100° C. 

1 Manuscript received September 20, 1946. 
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To investigate sampling technique, the moisture content of various muscles 
of dressed chickens was determined. The pectoral, leg, and wing muscles 
were dissected from two birds and their moisture contents were recorded. 
It was concluded (Table I) that the moisture content of a single muscle or a 
portion of a muscle, on either side, could be used as an index of the moisture 
content of the meat of a whole bird. 

TABLE I 

Moisture content of various muscles of dressed chicken 


Chicken 

Muscle 

Moisture, % 

Left 

Right 

A 

Outer pectoral 

74.0 

74.3 


Inner pectoral 

73.5 

73.9 


Wing 

74.5 

74.5 


Leg 

74.4 

74.1 

B 

Outer pectoral 

72.8 

72.7 


Inner pectoral 

72.8 

72.6 


Wing 

73.3 

73.4 


Leg 

71.4 

71.0 


In the main experiment, three open and three pressure cooks, using four 
birds in each, were carried out on both chicken and fowl, which were cooked 
separately. The open cooks were made in a steam-jacketed kettle with the 
steam outlet from the central chamber open, giving an internal temperature 
of 100° C. (212° F.). In these cooks approximately one litre of water was 
used for each 5 lb. of bird. The times were 50, 75, and 100 min. The pressure 
cooks were done in the same kettle for 20, 30, and 40 min. at 121° C. (250° F., 
15 lb. steam pressure). The times were chosen in each case to give under-, 
normal-, and overcooked meat. Before cooking, all birds were tagged and a 
portion of the outer pectoral muscle was removed to determine the moisture 
content of the light meat and a portion of either the gastrocnemius or biceps 
femoris muscle was taken for the moisture determination of the dark meat. 
After cooking, portions of the corresponding muscles on the opposite side of 
each bird were removed and their moisture contents determined. 

After sampling, the cooked meat was stripped from the bones and 3§-oz. 
portions were weighed into 7-oz. cans. Light and dark meat were canned 
separately. The broth from each cook was defatted, adjusted to a sp. gr. 
of 1.000 and 1.010 at 50° C. (122° F.) for open- and pressure-cooked meats, 
respectively, and 2.0% Irish moss gelose was added as a jelling agent along 
with 4% salt according to the regulations for the packing, grading, and 
marking of canned poultry (1). When broth samples had been taken for 
solids determinations, 3j-oz. portions of broth were poured over the meat and 
the cans were preheated and sealed. All cans were retorted for one hour at 
116° C. (240° F.). 
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Two types of separation apparatus were available, the type described by 
Reedman (2) and a modification of this apparatus (Fig. 1) designed by Mr. 
T. A. Steeves, formerly of these laboratories. The rate of heat penetration 




SCALE I £ 3 4 INCHES 

Fig. 1. Modified separation apparatus for canned poultry . 

into the apparatus was determined using copper-constantan thermocouples. 
A period of 30 to 40 min. in the autoclave was necessary to raise the meat and 
jelly inside the separator to 100° C. Accordingly, all separations were made 
at 121 C. for 45 min. To compare the efficacy of the two types of apparatus, 
duplicate sets of canned chicken were run in each type. 

Since some of the loss of moisture was attributed to the method of separating 
the meat and jelly, an attempt was made to determine the actual moisture 
loss due to the separation procedure. However, since it was not possible to 
separate the meat and jelly completely by means other than heat, no con¬ 
clusive results were obtained. 

Since it is commercial practice in open cooking to cover the birds com¬ 
pletely with water and to do several cooks in the same broth, the experiment 
was repeated in this way. All determinations were carried out as before 
and, in order to have a valid check, pressure cooks were carried cut on birds 
obtained from the same source. In the open cooks it was necessary to add 
eight litres of water to cover four bfrds completely. This was brought back 

up to volume after each cook. Agar (1%) was used as the gelling agent in 
this test. 

All results were subjected to statistical analysis. 

Results 

Moisture Changes in Meat 

Average moisture losses from chicken and fowl during cooking and the 
canning and separation procedures are shown in Table II. Necessary differ- 
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TABLE II 

Loss OF ORIGINAL MOISTURE FROM POULTRY MEAT DURING COOKING AND CANNING 


Treatment 

Average 
percentage loss 
during 
cooking 

Average 
percentage loss 
due to cooking, 
and to canning 
and separating 

Average 
percentage loss 
due to canning 
and separating 

Chicken 




Open cook 




50 min. 

13.9* 

16.5 

2.6 

75 min. 

17.4 

17.4 

0.0 

100 min. 

14.1 

16.6 

2.5 

Pressure cook 




20 min. 

19.9 

21.6 

1.7 

30 min. 

18.8 

18.9 

0.1 

40 min. 

21.6 

21.4 

-0.2 

Necessary difference (5%) 

2.5 

1.8 

3.1 

Fowl 




Open cook 




50 min. 

12.1** 

20.0 

7.9 

75 min. 

13.8 

18.3 

4.5 

100 min. 

14.4 

17.8 

3.4 

Pressure cook 




20 min. 

18.7 

19.0 

0.3 

30 min. 

19.8 

19.2 

-0.6 

40 min. 

18.8 

17.7 

-1.1 

Necessary difference (5%) 

1.4 

2.6 

2.9 


* Means of 16 observations . 
** Means of 8 observations. 


ences for a 5% level of significance are also given. Moisture losses are calcu¬ 
lated throughout on the basis of the original weight of raw meat. 

These results show that pressure cooking removes a significantly greater 
amount of the original moisture from both chicken and fowl meat than does 
open cooking. The only significant effect of time of cooking noted was with 
the short time open cook on fowl. Here the loss of moisture was significantly 
less than for either of the longer cooks. 

The data obtained with chicken meat after separation show the same 
general effects as those obtained after cooking; the total moisture loss was 
significantly greater from the pressure-cooked than from the open-cooked 
meat. However, the loss due to canning and separating was greater for the 
open than for pressure-cooked meat, but time of cooking had little effect. 
Canning and separation after pressure cooking caused the greatest loss in meat 
that was cooked for 20 min. only. With the fowl meat, canning and separa¬ 
tion eliminated any difference in moisture due to method of cooking since the 
moisture loss attributable to canning and separation was much greater in the 
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open- than the pressure-cooked meat and in each instance was inversely 
proportional to the time of cooking. There are indications that after canning, 
over-cooked meat may reabsorb some moisture. 

The percentage losses of original moisture from both light and dark meat 
are compared in Table III. It is evident that dark meat lost, significantly 

TABLE III 

Percentage of original moisture lost from light and dark chicken meat 

DURING COOKING AND PROCESSING 
(Means of 12 observations) 


Treatment 

Type of meat 

Percentage loss of 
original moisture 

Percentage loss of original moisture 
after separation 


during cooking 

Old separator 

New separator 

Open cook 

Light 

11.2 

15.7 

13.5 

Dark 

19.1 

19.8 

18.4 

Pressure cook 

Light 

18.5 

19.9 

18.2 


Dark 

21.7 

22.6 

21.8 

Necessary difference (5%) 

2.5 

1.4 

1.4 


more moisture than light meat, the difference being greater in open than in 
pressure cooking. These differences persisted even after processing and 
separation. Although the results are not presented, similar differences were 
noted with fowl meat. 

Comparison of the results obtained with the two types of separation 
apparatus show that the older type dried out the meat considerably more 
than did the newer one. 

TABLE IV 


Weight of meat obtained after separation 
(ORIGINAL WEIGHTS, 3.50 OZ.) 


Treatment 

Chicken, oz. 

Fowl, oz. 

Open cook 



50 min. 

3.05* 

2.67** 

75 min. 

3.06 

2.88 

100 min. 

3.16 

3.04 

Pressure cook 



20 min. 

3.27 

3.10 

30 min. 

3.44 

3.37 

40 min. 

3.46 

3.29 

Necessary difference (5%) 

0.17 

0.17 


* Means of 16 observations . 

** Means of 8 observations . 
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The average weights of meat obtained after separation are contained in 
Table IV. These results confirm those obtained in the moisture studies. It 
will be noted that method has a much greater effect than time of cooking 
on the weight of meat obtained. In addition, the loss from fowl meat was 
greater than that from chicken meat for all cooking conditions. There were 
no significant effects of cooking time with the open-cooked chicken. With 
pressure-cooked chicken the loss from meat cooked 20 min. was greater than 
from meat cooked for the longer times. This difference just reaches the 5% 
level of significance. There was a significantly greater loss of weight from the 
fowl cooked 20 min. than from fowl that received the longer cooks and that 
had been dehydrated to a greater extent during the cooking process. It 
should also be mentioned that there was a significant difference between the 
weights of light and dark meat obtained after separation from fowl but not 
from chicken. 

As the changes in percentage of solid material in the broth after canning 
and separating were relatively small and there were no significant differences 
between cooks, these results have not been included. However, it should be 

TABLE V 

Loss IN WEIGHT (OZ.) FROM CANNED CHICKEN AND FOWL DURING CANNING AND SEPARATING, 
TOGETHER WITH ESTIMATES OF THE WEIGHT OF COOKED MEAT NEEDED 
TO OBTAIN 3J OZ. AFTER CANNING AND SEPARATING 


Treatment 

Average 

moisture 

loss 

Average 
solids loss 

Combined 

loss 

Total 

observed 

loss 

Calculated 
weight to 
obtain 3.5 oz. 
after canning 
and separation 

Chicken 

Open cook 






50 min. 


0.07 

0.41 

0.45* 

4.0 

75 min. 


0.08 

0.34 

0.44 

4.0 

100 min. 


0.03 

0.31 

0.34 

3.9 

Pressure cook 




. 


20 min. 


0.07 

0.25 

0.23 

3.7 

30 min. 


0 05 

0.09 

0.06 

3.6 

40 min. 

0.02 


0.07 

0.04 

3.5 

Fowl 

Open cook 






50 min. 

0.71 

0.14 

0.85 

0.83** 

4.6 

75 min. 

0.48 

0.14 

0.62 

0.62 

4.3 

100 min. 

0.36 

0.13 

0.49 

0.46 

4.0 

Pressure cook 






20 min. 

0.27 

0.13 

0.40 


4.0 

30 min. 

0.12 

0.01 

0.13 

0.13 

3.6 

40 min. 

0.16 

0.06 

0.22 

0.21 

3.6 


* Means of 16 observations . 
** Means of 8 observations . 
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noted that there was a greater, but not significant, loss of solid material to 
the broth from dark than from light meat. 

The entire experiment is summarized in Table V. In this the average 
losses of both moisture and solids are presented together with the total 
observed loss in weight. In calculating the loss of solid material to the broth 
it was assumed that the dry weight lost by the meat in the canning and 
separation processes was gained by the broth. The principal loss of weight 
was due to moisture and not to solid material. The contrast between the 
results for chicken and those for fowl should be especially noted. For every 
cooking condition used the meat obtained from fowl showed a greater decrease 
in weight on subsequent processing than did that obtained from chicken. It 
can be seen from these results that if a can of chicken that has been open 
cooked is to contain 50% by weight of meat after separation, it must contain 
about 60% of meat initially. The final column of Table V gives an estimate 
of the weights of precooked meat that must be canned if 3| oz. are to be 
obtained after autoclaving and separation. 
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By J. W. Hopkins 2 


Abstract 

Numerical ratings of the salty taste of freshly cooked portions of 80 pieces of 
Wiltshire-cured Canadian bacon by each member of a panel of 23 judges are 
analysed statistically, with results in general qualitative agreement with those 
previously reported for other palatability tests made in the same laboratory. 
Single assessments were subject to considerable random variation superimposed 
upon wide differences between individuals in respect of both tolerance and 
sensitivity. Nevertheless, a significant element of correlation made possible 
reproducible results, although it is calculated that to discriminate differences of 
the order of 5% on the organoleptic scale would have required 35 and 62 judges 
for intra- and inter-panel comparisons, respectively. The preferred degree of 
saltiness corresponded to a sodium chloride content of the cooked bacon of 
about 4}% in the absence, and of roughly 4% in the presence of 2J parts per 
thousand of sodium nitrate. 


Introduction 

In an earlier paper (3) the writer distinguished between ‘grading* (absolute) 
and ‘analytical* (relative) assessments of the palatability of foodstuffs by 
panels of judges, and described the results of statistical analyses of ratings of 
butter, dried eggs, dried milk, and ration biscuits made in these laboratories. 
These analyses included a numerical investigation of the judging charac¬ 
teristics of individuals by computation of the correlation coefficients and 
regression equations relating their assessments to the average of those of all 
other members of the same panels. A parallel study has since been made of 
assessments of the saltiness of cooked bacon, the outcome of which is reported 
now. 

Data 

Data for this study consisted of numerical ratings of the saltiness of freshly 
cooked portions of 80 different pieces of Wiltshire-cured Canadian bacon by 
each member of a panel of 23 judges, 17 male and 6 female, recruited from the 
scientific, technical, and administrative staff of the Divisional laboratories. 
Chemical analysis of samples of the cooked material indicated contents of 
sodium chloride ranging from about 4^ to 9%, of sodium nitrate from 1/20 to 
$%, and of sodium nitrite from 15 to 55 parts per million. Each judge tasted 
samples from all 80 pieces in groups of four and at the rate of eight per day. 
Subjective appraisals of saltiness were expressed numerically in accordance 
with the convention currently adopted in these laboratories. In this, which 

1 Manuscript received August 24 , 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa. Issued as Paper No. 177 of the Canadian Committee on Food Preservation and as 
N.R.C. Paper No. 1486. 

* Biometrician. 
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differs from the one previously used (3), zero represents the ideal in the 
estimation of the judge, and excess or deficiency of the flavour in question is 
rated on an integral scale of + 5 to — 5. 

Results 

An analysis of the variance (2) of the 1840 foregoing individual assessments 
gave mean squares of 54.743 between judges (averaged over all samples), 
of 11.783 between pieces (averaged over all judges), and of 1.133 for the 
residual fluctuations of individual ratings. The standard deviation of an 
average rating appropriate to intra-panel comparisons of pieces was thus 
y/ 1.133/23, i.e., ± 0.22. To attain the 5% level of statistical significance 
therefore, a difference in the average ratings of two pieces would have to be 
at least 1.96V2 X 1.133/23, namely, ± 0.61. To reduce this'necessary 
difference 1 to ± 0.50 would have required a panel of 35 judges. 

From the mean squares listed in the preceding paragraph the underlying 
'population variance’ of judges’ averages may be estimated (1) at (54.743 — 
1.133)/80, corresponding to a standard deviation of ± 0.82, although this 
figure, which involves one component based on only 22 degrees of freedom, is 
subject to correspondingly more uncertainty than that for the residual 
variance, for which 1738 degrees of freedom were available. From this 
estimate, therefore, it would have to be inferred that to be regarded as statis¬ 
tically significant at the 5% level, a difference in average ratings of samples 
assessed by two separate panels of the same size and variability as the one here 
considered would have to amount to at least 2.069 V / 2 X (0.6701 + 1.133)/23 
i.e., to ± 0.82. Panels of the order of 60 members each would therefore be 
estimated as required to reduce this inter-panel necessary difference to ± 0.50. 
If each judge made two independent assessments of samples from the same 
piece, this number would be reduced to rather more than 40, but only at the 
cost of increasing the total number of man-hours devoted to assessment in the 
ratio of about 85 to 60, as well as of entailing a corresponding increase in the 
quantity of test material and in the labour of preparation. 

As in all the four cases previously considered, there were pronounced 
differences in personal preference, the average assessment of the saltiness of 
all 80 pieces by individual judges ranging from + 3.24 to — 0.54, i.e., from 
considerably over to slightly under the desired amount. The average assess¬ 
ment by the panel as a whole was + 1.20. Table I shows the deviation of 
the average for each judge from that of the remainder of the panel, and also 
lists the correlation and regression coefficients relating the assessment of single 
samples by each judge to the average assessment of samples of the same piece 
by the rest of the panel. As the average numerical assessment of the various 
pieces ranged only from + 2.70 to — 1.13, while the irregular fluctuation of 
single assessments has already been noted as giving rise to a mean square 
deviation of 1.133, generally high coefficients of correlation of individual with 
group assessments could not be expected. In fact the highest obtained was 
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TABLE I 

Statistical characteristics of individual judges* assessments 


Judge 

Average 

deviation from mean 
of all others 

Coefficient of 
correlation with means 
’ of all others 

Coefficient of 
regression on means 
of all others 

No. 1 (male) 

- 0.08 

.57*** 

0.85 

No. 2 (female) 

- 0.31 

.59*** 

1.32 

No. 3 (male) 

- 0.53 

.63*** 

0.78 

No. 4 (male) 

- 0.26 

.45*** 

0.39 

No. 5 (male) 

+ 0.89 

.57*** 

0.90 

No. 6 (male) 

+ 0.84 

.69*** 

1.06 

No. 7 (male) 

+ 1.07 

.33** 

0.52 

No. 8 (female) 

- 0.38 

.41*** 

0.69 

No. 9 (male) 

- 0.89 

.11 

0.02 

No. 10 (female) 

+ 0.20 

.56*** 

0.89 

No. 11 (male) 

+ 0.97 

.70*** 

1.72 

No. 12 (female) 

- 0.12 

.64*** 

0.82 

No. 13 (male) 

- 0.33 

.51*** 

0.55 

No. 14 (female) 

- 1 06 


0.60 

No. 15 (male) 

+ 0.45 

^64*** 

0.92 

No. 16 (male) 

- 0.02 

.66*** 

1.52 

No. 17 (female) * 

- 0.47 

.46*** 

0.64 

No. 18 (male) 

+ 0.26 

.62*** 

1.18 

No. 19 (male) 

+ 2.13 

.43*** 

0.93 

No. 20 (male) 

- 0.17 

.70*** 

1 18 

No. 21 (male) 

- 1.11 

.15 

0.37 

No. 22 (male) 

- 1.82 

.32** 

0.59 

No. 23 (male) 

+ 0.78 

62*** 

1.24 


** Attains 1% level of statistical significance. 
*** Attains 0.1% level of statistical significance. 


0.70. However, eight of the judges had coefficients in excess of 0.60, which 
in the circumstances are regarded as reasonably satisfactory, and those of 
only two were not statistically significant. 

The range of individual sensitivity indicated by the regression coefficients 
of Table I is greater than that provided by the previously reported (3) assess¬ 
ments of over-all palatability. Judge No. 20, with an average deviation from 
the mean of all others of only — 0.17 unit, a correlation coefficient of 0.70, 
and a regression coefficient of 1.18, conformed most closely to the average 
reaction of the group as a whole. No. 11, who had an average deviation of 
+ 0.97 and correlation and regression coefficients of 0.70 and 1.72 was the 
most sensitive to variations in saltiness, to which on the other hand Nos. 9 
and 21 appeared to be very largely (the former almost completely) indifferent. 
Nos. 19 and 22, with average deviations from the mean of all other judges* 
assessments of +2.13 and — 1.82, respectively, provided the individual 
extremes of aversion to and tolerance for saltiness. All the individuals specified 
were males, but the results as a whole were not indicative of any statistically 
significant average difference between the sexes in respect of either tolerance 
or sensitivity. 
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The present results differ from the majority of organoleptic assessments in 
that they may be appropriately related to specific chemical constituents of 
the cooked meat, and in this way it was found that the coefficients of partial 
correlation of the average assessment and the sodium chloride and nitrate 
contents reported for the various pieces were +0.62 and 0.25, respectively, 
the latter attaining the 5% level of statistical significance. The small varia¬ 
tions in sodium nitrite recorded were without demonstrable effect on the 
assessment. It would be unjust to attribute the moderate level of even the 
first of these correlation coefficients entirely to inconsistency of the judges or 
masking effects of other flavours, as it was evident that the chemical deter¬ 
minations were themselves subject to appreciable sampling discrepancies. 

The average assessment for each piece obtained from the panel as a whole 
was related to sodium chloride and nitrate content by the regression equation 
of least squares : 

Assessment = — 1.78 + 0.375 (NaCl per cent) 

+ 0.090 (NaNOz per mille) ± 0.45. 

As no significant reduction of the residual variance resulted from inclusion of 
the quadratic term in NaCl, it was inferred that the relation was sensibly 
linear over the range considered. 

Owing to its rather limited range of saltiness, the present series of observa¬ 
tions is not very informative in respect of the variance of individual assess¬ 
ments at different average preference levels. The inter-judge standard devia¬ 
tions for all samples receiving average assessments between 0 and 1, between 1 
and 2 and between 2 and 3 were ± 1.29, ± 1.18, and ± 1.43, respectively. 
The last of these is significantly larger than either of the other two, and thus 
provides some indication of slightly greater divergence in the assessment of 
moderately unpalatable samples. Additional data are, however, required to 
investigate this point adequately. 

Conclusions 

These results for the specific attribute of saltiness of bacon are in qualitative 
agreement in four respects with those already reported (3) for general palat- 
ability of certain other foodstuffs. First, they indicate that single assessments 
by unselected judges were characterized by considerable random variation but 
also by a demonstrable element of correlation, making possible reproducible 
differentiation between samples by a panel of adequate size. Second, they 
again provide evidence of persistent differences in the preference level of 
individuals, necessitating substantially more judges for a specified degree of 
reproducibility in inter- than in intra-panel comparisons. Third, individual 
judges again exhibited a wide range of sensitivity as well as of tolerance. 
Fourth, there was some further indication of greater diversity in individual 
assessments of moderately unpalatable samples. 

The significant degree of correlation of the panel assessments with the 
sodium chloride and nitrate content of the test material is a satisfactory 
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feature of the present findings. From the regression equation given in the 
preceding section it may be computed that the degree of saltiness to the taste 
preferred by this panel would be obtained from a sodium chloride content of 
about 4f% by weight of the cooked bacon in the absence of sodium nitrate, 
and of roughly 4% when 2 \ parts per thousand of sodium nitrate was also 
present. 
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FLAVOUR REVERSION IN HYDROGENATED LINSEED OIL 
III. THE RELATION OF ISO-LINOLEIC ACID TO FLAVOUR DETERIORATION 1 

By H. W. Lemon 2 


Abstract 

Further evidence that iso-linoleic acid is related to the unpleasant odour 
development when partially hydrogenated linseed oil is heated is as follows: 

(a) Partially hydrogenated perilla oil, containing considerable iso-linoleic 
acid, developed the same odour when heated, as did partially hydrogenated 
linseed oil. 

(b) A concentrate of iso-linoleic acid developed a similar odour when it was 
heated. Distillation of the acid, or removal of unsaponifiable substances, had 
no effect on the odour development. 

(i c ) When fatty acid fractions obtained by crystallization of the acids from 
hydrogenated linseed oil were re-esterified with glycerol, and subjected to the 
heat test, most odour development occurred in the fraction containing most 
iso-linoleic acid. 

Increasing the selectivity of hydrogenation did not greatly affect the formation 
or hydrogenation of iso-linoleic acid. However, products of high temperature 
(200° to 250° C.) hydrogenations were softer for equivalent iodine numbers, and 
had lower melting points than those from low temperature hydrogenations. 

Hydrogenation of partly polymerized linseed oil yielded a product that when 
heated did not develop the characteristic odour of hydrogenated linseed oil. 


It was reported in a previous publication (8) that when linseed oil is hydro¬ 
genated an isomeric linoleic acid is formed in which the double bonds are in 
such positions that they will not form a conjugated system upon alkali isomeri¬ 
zation. Some experimental evidence was presented that indicated that the 
isomeric acid may be responsible for the characteristic odour that develops 
when partially hydrogenated linseed oil is heated to baking and frying tempera¬ 
tures. It was suggested that hydrogenation of linseed oil should be highly 
selective in order that the iso-linoleic acid may be completely hydrogenated 
without the formation of large quantities of saturated acids. 

In the present paper further evidence that iso-linoleic acid plays a part in 
flavour development on heating is presented, together with the results of 
experiments to reduce its amount in the product: (a) by increasing the 
selectivity of hydrogenation and ( b ) by reducing the linolenic acid content of 
linseed oil by polymerization 

Methods 

Analytical methods and the techniques used for refining, bleaching, hydro¬ 
genation, and deodorizing have been described (8). Linolenic and linoleic 
acids were determined by the spectral method of Mitchell, Kraybill, and 

1 Manuscript received August 7, 1946. 
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Zscheile (10) as modified by Brice, Swain, Schaeffer, and Ault (6). Saturated 
and iso-oleic acids were determined by the method of Baughman and 
Jamieson (4). 

Polymerization of linseed oil was done in a 2 litre three-necked flask equipped 
with thermometer, a tube for bubbling carbon dioxide through the oil, and 
a goose neck leading to a condenser. The reaction was carried on under 
vacuum at 315° C. 

Experimental and Results 

A. Relation of Iso-linoleic Acid to Odour Development 
Hydrogenation of Perilla and Tung Oils 

The amount of linolenic acid in perilla oil is as much as, or more than, that 
in linseed oil, and so perilla oil might be expected to yield a hydrogenation 
product similar in respect to flavour reversion characteristics to that produced 
by linseed oil. Tung oil contains a large proportion of eleostearic acid, an 
isomer of linolenic acid, and it is unlikely that its hydrogenation would 
produce the same iso-linoleic acid as hydrogenation of linolenic acid. There¬ 
fore, a quantity of each of these oils was hydrogenated to a plastic consistency, 
and samples subjected to the heat test. 

The perilla oil was alkali-refined, hydrogenated, and deodorized in the 
usual manner. Samples were* taken for fatty acid analysis, and the results 
are given in Fig. 1. As in the case of linseed oil, iso-linoleic acid was produced 



Fig. 1. Progressive change in fatty acid composition on hydrogenation of perilla oil . 

on hydrogenation. The tung oil was hydrogenated without refining. Samples 
were examined for diene and triene conjugation before and after alkali isomeri¬ 
zation with the use of a Beckman spectrophotometer ; the absorption curves 
are shown in Fig. 2. Saturated and iso-oleic acids were not determined. 
There was a decrease in triene conjugation on hydrogenation but very little 
development of diene conjugation. Alkali isomerization had little effect on 
the amount of diene and triene conjugation present. These results indicate 
that, when eleostearic acid is hydrogenated under the conditions described, 
two or more double bonds are saturated simultaneously. 
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The hydrogenated perilla, linseed, and tung oils, and a standard all-hydro¬ 
genated shortening were heated to 200°. C. The hydrogenated perilla and 
hydrogenated linseed oils developed the same unpleasant odour, the two being 
indistinguishable. The hydrogenated tung oil, with an apparent iodine 



Fig. 2. Effect of hydrogenation time on ultraviolet absorption by tung oil. 

number of 58.6, did not develop such an odour. This experiment provided 
further evidence that the substance responsible for the unpleasant odour of 
hydrogenated linseed oil is formed by the hydrogenation of linolenic acid. 

Heat Tests on Iso-linoleic Acid 

It was stated in the first paper of this series (8) that a strong odour resemb¬ 
ling that of heated hydrogenated linseed oil developed on heating a distilled 
iso-linoleic acid concentrate. The odour was quite different from that of 
linolenic, linoleic, or oleic acids treated in the same way. 

It was thought that the odour might be caused by some unsaponifiable 
substance associated with the iso-linoleic acid. Therefore a quantity of the 
acid in alcoholic solution was neutralized with potassium hydroxide, diluted 
with water, and the soap solution extracted several times with ether. The 
acids were liberated from the soap, washed with water, dried, and distilled 
from a Hickman alembic flask. On heating, the acids developed the same 
strong odour, resembling that of hydrogenated linseed oil. 

.Fractional Crystallization of Fatty Acids from Hydrogenated Linseed Oil 

The isolation of a concentrate of iso-linoleic acid by low temperature 
crystallization of the separated fatty acids of hydrogenated linseed oil was 
described in the first paper of this series (8). In a similar separation, four 
fatty acid fractions were obtained. The first of these consisted of the acids 
that ptecipitated from acetone at — 30° C.; the second fraction precipitated 
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at from —30° to —60° C. The third fraction consisted of all of the crystalline 
precipitates that could be obtained by chilling to —60° C. the concentrated 
filtrate from the previous precipitations, and the fourth fraction, consisting 
largely of iso-linoleic acid, was obtained from the final filtrate. 

Each of these fractions was esterified with glycerol in the proper amount 
to yield triglyceride. The products were deodorized. The fat made from 
the first fraction was quite hard, that from the second fraction was semisolid, 
and those from the third and fourth fractions were liquid at room temperature. 

The four fats were heated to 200° C. There was little, if any, development 
of the reverted odour in the first fat but the fourth fat developed a very 
strong odour. Numbers two and three were similar, and intermediate to 
numbers one and four. There was no doubt that the odour development was 
caused by heating the iso-linoleic glyceride itself, or some substance associated 
with it. 

B. Influence of Selectivity on Hydrogenation of Iso-linoleic Acid 

It was felt that hydrogenated linseed oil would be more suitable for use as 
a shortening if the iso-linoleic acid content were reduced or eliminated, and 
it was thought that some improvement might be made by increasing the 
selectivity of hydrogenation. It has been pointed out by Bailey, Feuge, and 
Smith (2) that selectivity is increased by raising the temperature or catalyst 
concentration, and by decreasing the pressure or agitation, and that each of 
the conditions contributing to selectivity causes a greater formation of iso- 
oleic acid. 

Three series of hydrogenations were completed. In the first series the 
temperature was kept low during the initial period of the hydrogenations but 
was raised rapidly when the refractive index (Zeiss butyro) had dropped to 
about 58 at 40° C. corresponding to an iodine number of approximately 120; 
at the same time the gauge pressure was reduced from 25 to 5 lb. It was 
hoped that increasing the temperature at about iodine number 120 would 
suppress the rapid formation of saturated acids which normally begins at 
about this point, and at the same time favour the hydrogenation of iso-linoleic 
acid. Various temperature combinations were tried. In the second and 
third series of hydrogenations, four temperatures between 120° and 250° C. 
were selected, and the oil and catalyst mixtures were brought to these tempera¬ 
tures as rapidly as possible. A slight positive pressure of hydrogen was 
maintained during the period required to bring the oil to the desired tempera¬ 
ture; it was then increased to 25 lb. gauge pressure. 

In all three series, samples were taken at intervals during the hydrogenations 
for fatty acid an'alysis. The results are given in Table I. By plotting these 
results against iodine number, saturated and iso-linoleic acid values at iodine 
number 90 were determined for the low to high temperature series. These 
values are given in Table II. It is apparent that raising the temperature of 
hydrogenation at iodine number 120 had no appreciable effect on the subse¬ 
quent hydrogenation of iso-linoleic acid. 
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TABLE I 

Analysis of hydrogenated linseed oil samples 


Hydrogena¬ 

tion 

Time, 


Fatty acid composition, % 

temperature, 

°C. 

min. 









Series I. Low to high temperature hydrogenations 


140 

20 

148.5 

7.4 

1.9 

40.8 

5.6 

15.2 

29.1 

140 

40 

120.8 


4.0 

48.1 

14.9 

10.9 

12.0 

140 

60 

94.4 


7.5 

50.9 

17.1 

5.4 

2.1 

140 

70 

79.6 

23.1 

10.7 

50.1 

13.8 

1.8 

0.5 

115-190 

30 

163.2 

6.5 

0.9 

36.0 

1.5 

17.0 

38.1 

115-190 

75 

119.6 

10.9 

3.4 

46.9 

16.8 

11.5 

10.5 

115-190 

100 

97.8 

13.6 

9.0 

51.7 

20.5 

3.9 

1.3 

115-190 

115 

79.2 

21.5 

19.0 

45.9 

13.5 

0.1 

0 

115-240 

45 

147.0 

7.4 

1.5 

40.1 

8.2 

16.6 

26.2, 

115-240 

80 

112.4 

11.9 

3.9 

48.6 

18.7 

10.2 

6.7 

115-240 

95 

89.0 

15.0 

15.4 

51.4 

16.6 

1.2 

0.4 

115-240 

100 

82.8 

17.1 

22.8 

46.6 

13.4 

0.1 

0 

140-190 

20 

152.3 

8.2 

2.3 

36.3 

5.1 

17.1 

31.0 

140-190 

50 

108.1 

12.2 

6.9 

48.3 

19.4 

8.2 

5.0 

140-190 

60 

96.4 

14.3 

12.1 

49.0 

18.9 

4.1 

1.6 

140-190 

75 

81.9 

17.7 

16.7 

52.7 

12.7 

0.2 

0 

140-235 

25 

146.0 

7.9 

2.1 

39.6 

7.8 

16.4 

26.2 

140-235 

45 

106.7 

12.1 

5.5 

51.6 

17.4 

8.2 

5.2 

140-235 

55 1 

84.3 

18.2 

16.4 

50.3 

12.9 

1.2 

1.0 

140-235 

60 

72.0 


28.8 

41.0 

6.4 

1 

0.5 

0 


Series II. Effect of temperature of hydrogenation on selectivity 


120 

» 

132.5 

10.0 

2.8 

40.3 

18.3 

12.4 

16.2 

120 

90 

106.4 

14.6 

6.0 

46.4 

20.4 

7.7 

4.9 

120 

120 

88.1 

20.9 

8.3 

49.0 

16.6 

3.8 

1.4 

120 

155 

70.5 

31.2 

10.0 

46.0 

11.6 

1.0 

0 

150 

30 

128.0 

10.3 

3.3 

42.1 

18.2 

12.2 

13.9 

150 

45 

103.7 

15.2 

6.3 

47.3 

20.4 

6.5 

4.3 

150 

60 

80.3 

25.3 

9.7 

48.8 

15.2 

1.0 

0.8 

150 

80 

53.9 

43.7 

10.8 

39.2 

6.1 

0.2 

0 

200 

25 

93.5 

14.6 

14.3 

49.3 

18.1 

2.3 

1.4 

200 

30 

80.1 

20.4 

15.9 

50.7 

12.0 

0.6 

0.4 

200 

40 

59.9 

36.4 

17.9 

39.7 

5.7 

0.3 

0 

200 

45 

47.8 

47.7 

14.3 

34.7 

3.2 

0.1 

0 

250 

20 

95.6 

12.0 

17.6 

48.7 

17.5 

2.9 

1.3 

250 

25 

80.9 

18.8 

23.4 

45.0 

12.2 

0.6 

0 

250 

30 

67.5 

26.8 

27.6 

40.3 

5.1 

0.2 

0 

250 

« 

35 

56.8 

37.6 

20.4 

38.3 

3.6 

0.1 

0 
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TABLE I —Continued 

Analysis of hydrogenated linseed oil samples —Continued 


Hydrogena¬ 

tion 

Time, 

Iodine 

Fatty acid composition, % 

temperature, 

°C. 

min. 

number 

Saturated 

Iso-oleic 

Oleic 

Iso-iinoleic 

Linoleic 

Linolenic 


Series III . Effect of temperature of hydrogenation on selectivity 



60 

146.0 

9.7 

2.5 

32.6 

18.1 

13.8 

23.3 



105.6 

16.4 

8.5 

40.2 

21.4 

6.5 

6.0 

120 


80.4 

27.2 

11.3 • 

42.0 

16.1 

2.3 

1.1 

120 

170 

72.8 

30,9 

10.3 

44.0 

12.9 

1.1 

0.8 

120 

190 

58.7 

39.7 

9.5 

42.7 

7.5 

0.6 

0 

150 

25 

135.4 

9.3 

4.3 

38.9 

17.0 

12.2 

18.3 

150 

50 

103.7 

12.6 

12.2 

46.6 

18.9 

5.4 

4.3 

150 

65 

83.9 

19.7 

17.0 

46.0 

16.2 

1.1 

0 

150 

75 

75.0 

25.7 

17.3 

42.1 

13.4 

0.5 

0 

150 

95 

49.8 

45.9 

16.5 

33.6 

4.0 

0 

0 

1 

25 

116.6 

8.6 

12.0 

45.4 

15.4 

9.0 

9.6 

1 

33 

93.8 

10.9 

26.0 

43.7 

18.1 

0.8 

0.5 


42 

82.2 

16.5 

32.9 

39.5 

11.1 

0 

0 

1 

51 

67.8 

27.1 

30.7 

36.2 

6.0 

0 

0 

1 

55 

62.0 

31.8 

27.9 

36.1 

4.2 

0 

0 

| ■ 

20 

115.8 

9.6 

11.8 

43.2 

18.7 

8.4 

8.3 

SjjS - 1 

24 

103.1 

10.3 

18.4 

43.6 

21.1 

4.4 

2.2 


33 

mSSi 

13.6 

; 22.6 

44.8 

17.8 

1.2 

0 


45 

■13 

19.3 

23.4 

47.4 

9.5 

0.35 

0 

■ 

65 

■ 

27.8 

23.6 

43.3 

5.3 

0 

0 


TABLE II 

Effect of raising the temperature during hydrogenation on 

THE CONTENT OF SATURATED AND ISO-LINOLEIC 
ACIDS AT IODINE NUMBER 90 


Hydrogenation 
temperature, ° C. 

Saturated acids, % 

Iso-linoleic acid, % 

140 

19.0 

16.5 

115-190 

16.5 

18.5 

115-240 

15.0 

16.5 

140-190 

15.5 

17.5 

140-235 

_—_» , . . . 

16.0 

15.0 


In Fig. 3 the effect of temperature of hydrogenation on fatty acid composi¬ 
tion at iodine numbers 80 and 90 is shown for Series II hydrogenations. 
Increasing the temperature caused more complete hydrogenation of linolenic 
and linoleic acids, increased formation of iso-oleic acid, and decreased produc- 
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tion of saturated acids; however, it had little effect on the hydrogenation of 
iso-linoleic and oleic acids. These conclusions are in agreement with those of 
Bailey and Fisher (3), who found that iso-linoleic acid is much more resistant 
to hydrogenation than linoleic or linolenic acids. 



ieo ieo 200 240 tto ieo200240 feo ieo 200 246 

TEMPERATURE OF HYDROGENATION *C 

Fig. 3. Effect of temperature of hydrogenation on the fatty acid composition of hydrogenated 

linseed oil. 

The melting points of samples from Series III hydrogenations wife 
determined by the capillary tube method, and their micropenetration values 
at 25° C. were determined with a micropenetrometer similar to that described 
by Feuge and Bailey (7). The values obtained have been plotted against 
iodine numbers (Fig. 4). It is evident that the melting points of samples 
taken from the high temperature hydrogenations were lower for equivalent 
iodine numbers than those of samples taken from the low temperature hydro¬ 
genations. Similarly, the penetration values at 25° C. of samples from the 
high temperature hydrogenations were greater than those of samples of the 
low temperature hydrogenations for equivalent iodine numbers, although the 
difference became less as hydrogenation proceeded. 

From the results, the iodine number corresponding to a melting point of 
47° C. has been estimated for hydrogenations done at 250°, 200°, 150°, and 
120° C., respectively, and the fatty acid composition for each of these iodine 
numbers has been determined from the results in Table I. These values are 
given in Table III. 

It can be concluded that if linseed oil is hydrogenated at a high temperature, 
it can be saturated to a lower iodine number without becoming too hard, 
giving a product with a lower iso-linoleic acid content. However, when 
samples having a lower iso-linoleic acid content were heated, there was still a 
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strong odour development, and it was difficult to determine whether there 
was any improvement. 



Fig. 4. Effect of temperature of hydrogenation of linseed oil on melting point (Graph A) 
and on micropenetration at 25° C. (Graph B). 

TABLE III 

Effect of temperature of hydrogenation of linseed oil on the fatty 
ACID COMPOSITION AT MELTING POINT OF 47° C. 


Hydrogenation 
temperature, ° C. 

Iodine 

number 


Fatty acid composition, % 


Saturated 

Iso-oleic 

Oleic 

Iso- 

linoleic 

Linoleic 

Linolenic 

120 

94 

21.2 

10.3 

41.7 

19.2 

4.4 

3.3 

150 

79 

22.5 

17.2 

44.5 

14.5 

0.7 

0 

200 

70 

25.0 

31.4 

37.0 

6.5 

0 

0 

240 

66 

27.5 

23.6 

43.5 

5.5 

0 

0 


C. Hydrogenation of Polymerized Linseed Oil 

When linseed oil is polymerized, there is a reduction in the linolenic and 
linoleic acids content. There is a commercial process in operation that entails 
polymerization followed by extraction of the non-polymerized portion with 
acetone (5). As this results in an oil with a low concentration of linolenic 
acid it has been suggested that the oil might be used as an edible oil. Privett, 
Pringle, and McFarlane (11) have developed a similar process, involving 
milder polymerization, for the purpose of obtaining an edible fraction from 
linseed oil. In view of this work it was decided to determine quantitatively 
by the spectral method the disappearance of linolenic and linoleic acids on 
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polymerization, and to hydrogenate oils polymerized to varying degrees and 
apply heating tests in order to determine their susceptibility to reversion. 

Polymerization was carried on for 20 min., one hour, two hours, and three 
hours. Refractive index, free fatty acid, and linolenic and linoleic acids were 
determined for each product. The results are given in Table IV. It is 
evident that, although the disappearance of linolenic acid on polymerization 
is rapid, there is still some present after heating for three hours. 


TABLE IV 

Polymerization of linseed oil 


Time of 
polymerization 

Refractive 
index, 50° C. 

Free fatty acid, 
% as oleic 

Linoleic acid, % 

Linolenic acid, % 

0 min 

1.4699 

0.05 

19.6 

51.9 

20 min. 

1.4715 

1.2 

14.4 

43.1 

1 hr. 

1.4744 

1.8 

13.9 

26.6 

2 hr. 

1.4771 

2.8 

11.2 

13.9 

3 hr. 

1.4790 

3.7 

9.1 

7.5 


Each of the polymerized oils was hydrogenated without any further treat¬ 
ment. The hydrogenations proceeded with some difficulty, probably owing 
to the high free fatty acid content. The products were deodorized, and 
samples heated to 200° C. on a hot plate. The hydrogenated linseed odour 
was present in the product from the 20 min. polymerization, but there was 
little, if any, of it in the others. 

Discussion 

There is considerable evidence that the unpleasant flavour and odour of 
heated hydrogenated linseed oil are caused by the decomposition of iso-linoleic 
acid, although there is some indication from storage tests (9) that this is not 
the only cause of flavour deterioration. Reversion in unhydrogenated oils, 
such as soybean, is not explained by the iso-linoleic acid theory, and it is 
probable, as has been suggested by Bailey (1), that in this case it is the result 
of a different mechanism. 

If iso-linoleic acid plays a part in reversion its removal from hydrogenated 
linseed oil presents a difficult problem. The results of the experiments to 
determine the effect of selectivity on its hydrogenation were not encouraging, 
as it apparently hydrogenates with difficulty, and quantities of it persist until 
the product has become very hard regardless of the conditions of hydrogena¬ 
tion. 
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FLAVOUR REVERSION IN HYDROGENATED LINSEED OIL 

IV. FURTHER PROCESSING STUDIES 1 


By H. J. Lips 2 *, H. W. Lemon 8 , and G.A. Grant 4 

Abstract 

Flavour reversion could not be detected in samples of hydrogenated linseed oil 
stored under vacuum in the dark. In samples exposed to the air, reversion 
occurred without appreciable increase in peroxide oxygen or Kreis values, 
particularly in products of low iodine number, while accompanying changes in 
fluorescence were slight and erratic. An observed ‘bad area’ for susceptibility 
in the lower iodine number range suggests that iso-linoleic acid (4) is not the 
only cause of reversion. No improvement in flavour stability was obtained by: 
low to high temperature hydrogenation (110° to 240° C. (230° to 464° F.) ), 
removal of impurities from the oil, or the use of a linseed oil fraction from a 
commercial polymerization process. 

A previous paper in this series (6) dealt with storage studies to determine 
the effect of various modifications in processing procedure upon the suscepti¬ 
bility, of hydrogenated linseed oil to flavour reversion. The present investi¬ 
gation is an extension of that work. 


Experimental 

Standard processing techniques, the method of estimating storage life by 
flavour scores, and some of the chemical measurements used have been 
described (4, 6). In this study some of the samples were stored at 60° C., 
rather than at 43.3° C., to obtain comparative results in a shorter time. As 
earlier work demonstrated that any chemical changes accompanying flavour 
reversion would be difficult to detect, sensitive modifications of the peroxide 
oxygen (7) and Kreis (12, 13) tests were introduced as estimates of oxidative 
deterioration. To investigate possible changes in fluorescence, readings of 
xylol solutions of the fat were made in a Coleman photofluorometer (3). 

Vacuum Storage 

It has not been clearly established that the presence of oxygen is essential 
for flavour reversion (10). To examine the effects of oxygen-free storage on 
hydrogenated linseed oil, melted samples were evacuated in glass tubes on a 
high vacuum apparatus for four hours, and sealed off at a pressure of Sjjl. 
These tubes were stored in the dark at 43.3° C. together with an untreated 
control sample of the same shortening. 
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The control sample developed definite flavour reversion in 11 weeks while 
the vacuum-stored material had no detectable reverted odour at the end of 
60 weeks’ storage. The control had a peroxide value of 2.4 ml. of 0.002 N 
thiosulphate per gm. (iodimetric method) at the end of 11 weeks. At 60 
weeks the peroxide value of the vacuum-stored material was nil, even by the 
more sensitive ferrometric procedure. 

Removal of Impurities 

A number of attempts have been made to account for flavour reversion on 
the basis of impurities in oils. Voskresenkii and Dobruinina (11), working on 
soybean oil, reported an odorous constituent that had a variable nitrogen 
content and reduced Fehling's solution. Marcelet (8) isolated from vegetable 
oils saturated and unsaturated hydrocarbons having nauseous odours, and 
Bickford (2) isolated similarly objectionable material from the condensate 
obtained from a commercial soybean oil deodorizer. 

Removal of possible sources of flavour instability in linseed shortening was 
attempted by deodorizing and by winterizing refined and bleached linseed oil, 
before hydrogenating and deodorizing in the usual manner. Table I shows 
the negative results. Preliminary deodorization at 270° C. was strongly 
detrimental, as evidenced by a short storage life and a high mean peroxide 
value. 

Low to High Temperature Hydrogenation 

Previous investigations on the effect of different conditions of hydrogenation 
upon flavour stability were continued. A selective hardening of linseed oil 
is desirable because of the high proportion of linolenic acid that must be 
hydrogenated. It is also important that the formation of iso-linoleic acid be 
minimized, since the breakdown of this compound is considered to be a cause 
of flavour reversion (4). 

A hydrogenation procedure in which the temperature was raised during the 
process from a low to a high value appeared to offer a means of hydrogenating 
iso-linoleic acid without building up a high concentration of saturated acids 
(5). A series of samples of limseed shortening was prepared in the manner 
previously described, employing temperatures in the range 110° to 240° C., 
and available commercial- and laboratory-prepared nickel catalysts (4, 6). 
Temperature ranges, catalysts, peroxide values (iodimetric method) averaged 
over the entire sampling period (56 weeks), and storage lives are given in 
Table I. Storage tests at 43.3° C. showed no improvement in the products 
obtained over the average for standard processing. Mean peroxide values 
were low, except in the case of one of the 110° to 160° C. samples, indicating 
the usual resistance to oxidation. 

Hydrogenation to Various Iodine Numbers 

Earlier work reported susceptibility to flavour reversion at a maximum at 
iodine value 80 to 130, with complete stability at iodine value 6 (4, 6). It was 
assumed that susceptibility varied with the amount of iso-linoleic acid present. 
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TABLE I 

Storage life and mean peroxide value of linseed shortenings prepared by various 
PROCESSING PROCEDURES AND STORED AT 43.3° C. FOR 56 WEEKS 




Group variant 


Mean 

peroxide 





Storage 

Group 

Alkali 
treatment, 
°B 4 



Catalyst 

Temperature 
range, ° C. 

life, 

weeks 

value*, ml. 
per gm. 

Low to high tern- 

30 

Standard 

110-160 

18 

8.1 

pcrature hydro- 

30 

Standard 

110-160 

29 

3.7 

genation 

30 

Standard 

110-190 

17 

1.0 

30 

Standard 

110-190 

17 

3.5 


30 

Standard 

115-190 

17 

3.1 


30 

Standard 

115-240 

19 

1.0 


30 

Standard 

140-190 

15 

1.3 


30 

Standard 

140-235 

16 

0.8 


30 

Commercial 

110-160 

25 

2.5 


30 

Commercial 

110-190 

31 

1.6 


30 

Commercial 

110-160 

17 

4.4 


30 

Commercial 

110-190 

32 

2.0 


40 

Standard 

115-190 

15 

1.2 


40 

Standard 

115-190 

6 

1.3 

Additional 

Deodorized at 200° C. before hydrogenation 

16 

9.6 

deodorization 

Deodorized at 270° C. before hydrogenation 

1 

31.6 

Use of winterized 
oil 

Winterized at 0° C. after refining 

18 

2.6 

Average for 18 samples by standard procedure 

29 


Estimated necessary difference 

12 



* Iodimetric method (13). 


However, it has since been noticed that flavour reversion is often pronounced 
at iodine values considerably lower than those that would be expected from 
the theory that iso-linoleic acid is the cause of reversion. This phenomenon 
was investigated further. 

Two hydrogenations were carried out according to the usual processing 
technique in a large converter, so equipped as to permit removal of samples of 
varying degrees of saturation while the operation continued. Samples thus 
obtained were deodorized, stored at 60° C\, and sampled at weekly intervals 
for nine wrecks. Composition data for the two series are shown in Table II, 
and storage lives and mean values for peroxide oxygen (ferrometric method), 
Kreis test, and fluorescence are presented in Table III (A). 

It will be seen that for both series of hydrogenated oils there was no regular 
improvement in storage life with decreasing iso-linoleic acid concentration. 
There was in fact an apparent slump in flavour stability at lower iodine values, 
contrary to previous observations based on a rapid heat test (6). It will also 
be noted that storage lives in the two series were not the same for similar 
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TABLE II 

Composition of samples of hydrogenated linseed oil of different iodine numbers 


Time of 
hydrogenation, 
min. 

Iodine 

number 

Fat acid content*, % 

Saturated 

Iso-oleic 

Oleic 

Iso- 

linoleic 

Linoleic 

Linolenic 

Series 1 








33 

88.3 

20.9 

‘ 10.4 

47.6 

15.4 

3.5 

2.2 

38 

77.3 

27.1 

12.9 

44.2 

13.0 

1.8 

1.0 

45 

60.8 

38.7 

13.1 

38.9 

8.5 

0.8 

0 

49 

52.8 

44.3 

12.2 

37.8 

5.3 

0.4 

0 

53 

40.2 

55.6 

8.2 

33.8 

2.0 

0.4 

0 

58 

39.9 

— 

— 

— 

— 

0.3 

0 

Series 2 








35 

89.4 

20.6 

10.3 

49.0 

15.1. 

3.8 

2.2 

42 

77.6 

26.7 

11.3 

45.8 

13.7 

1.8 

0.7 

50 

62.2 

37.4 

12.7 

40.0 

9.2 

0.7 

0 

54 

53.6 

44.0 

12.1 

37.6 

5.9 

0.4 

0 

58 

48.2 

47.4 

8.8 

40.3 

3.2 

0.3 

0 

62 

42.2 

53.2 

8.0 

36.4 

2.0 

0.3 

0 


*For method of determination see Ref. (4). 


TABLE III 

Mean peroxide, Kreis and fluorescence values, and storage lives, for linseed 
shortenings stored at 60° C. for nine weeks 




Mean values of measurements 




on stored samples 

Storage 






Group 

Group variant 

Peroxide 

Kreis value, 

Fluorescence, 

life 3 , 



oxygen con¬ 
tent*, m.e. 
per kgm. 

extinction 

coefficients 

photo- 

fluorometer 

units 

weeks 

A. Varying iodine 

Series 1 



72.0 


number 

88.3 

53.9 

44.2 

2.4 


77.3 

22.8 

22.0 

74.0 

2.2 


60.8 

9.7 

9.0 

64.5 

3.6 


52.8 

9.7 

8.3 

60.7 

2.8 


40.2 

6.7 

5.7 

61.7 

3.2 


39.9 

Series 2 

4.5 

5.9 

58.4 

4 + 


89.4 

42.2 

36.1 

70.3 

1.8 


77.6 

24.3 

20.5 

68.6 

1.8 


62.2 

9.2 

9.2 

63.6 

3.9 


53.6 

8.3 

7.2 

60.2 

3.6 


48.2 

6.8 

6.3 

56.7 

3.0 


42.2 

5.9 

4.8 

56.2 

5 + 

B. Commercial 

Hydrogenated 

14.9 

22.4 

48.9 l 

0.7 

polymerized oil . 
fraction 

Hydrogenated 
Esterified and 

30.9 

70.5 

27.5 

23.4 

39.8 l 

56.5 2 

0.5 

1.8 


hydrogenated 






* Ferrometric method (7). 

1 1 :50 dilution. 

* 1:100 dilution. All other fluorescence measurements 1 :10 dilution. 

* Estimated necessary difference: one week. 
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iodine values. This may have been due to different rates of hydrogenation, 
since the composition data do not indicate any reason for the discrepancies. 

At the higher iodine values there was some increase in Kreis and peroxide 
values before the appearance of definite flavour reversion. This increase was 
steady with no definite changes in the rate of accumulation and appeared to 
be independent of reversion. Below iodine number 60 these values remained 
practically stationary. Fluorescence showed a decrease during storage but 
the changes were erratic throughout. Fluorescence values were generally 
higher at the higher iodine numbers. 

Use of Polymerized Oils 

In view of the stability to reversion found in hydrogenated, acetone- 
segregated fractions of polymerized linseed oil (9), a commercial product (1) 
obtained by solvent extraction of polymerized linseed oil was examined. In 
addition to the regular polymerized fraction, two laboratory-prepared 
materials (5) were hydrogenated. 

The commercial process of acetone extraction of polymerized linseed oil 
yields an oil that is very dark in colour, and has a ‘strong bodied oil’ odour. 
The free fatty acid content is high, about 13% expressed as oleic acid, and 
this cannot be removed by ordinary refining methods, since emulsifying 
properties prevent the ‘break’. Alkali refining has been found unsuccessful 
even after lengthy steam deodorization, so the regular commercial fraction 
was esterified with glycerol to reduce the free fatty acid content to 1.6%. 
Refractive index, linoleic acid, linolenic acid, and free acid content for all 
three samples are shown in Table IY. The linoleic and linolenic acid contents 

TABLE IV 

Analysis of solvent segregated fractions of polymerizi<d linseed oil 


Sample 

Refractive 
index 
at 50° C. 

Linoleic 
acid, % 

Linolenic 
acid, % 

Free fatty 
acid as 
oleic, % 

Laboratory sample 

1.4736 

14.4 

i 

33.0 

2.1 

Laboratory sample 

1.4729 

11.5 

22.3 

3.6 

Regular process sample, esterified 
with glycerol 

1.4750 

9.3 

8.3 

1.6 


of the laboratory-prepared fractions were high since these were obtained from 
only partially polymerized oils. However, even in the regular product the 
content of these acids was still appreciable. 

The three samples were hydrogenated with difficulty (5). There was 
considerable foaming of the oils, and on deodorizing a large amount of crystal¬ 
line material (acid number 126.5) tended to choke the side-arm of the 
deodorizing flask. The final products were dark coloured. Owing to the 
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presence of polymerized acids in the products, saturated acids could not be 
estimated by the usual method and hence the amount of iso-linoleic acid 
could not be determined. 

The products were stored at 60° C. as outlined in the preceding section. 
Storage lives and mean values for the chemical tests are shown in Table 
III (5). Storage lives were short, although there was some doubt among 
members of the testing panel that the off-odours developed were typical 
reverted odours of hydrogenated linseed oil. As indicated by the high mean 
values for peroxide and Kreis tests these products were unstable to oxidation. 
Mean fluorescence was much higher than with ordinary linseed shortening. 

Discussion 

The experiments outlined indicate no solution to the flavour reversion 
problem by removal of impurities from the oil, by selective hydrogenation, or 
by the use of solvent-segregated material from a commercial polymerization 
process. 

The failure of selective hydrogenation to minimize reversion may be 
explained in part by the finding that iso-linoleic acid is more resistant to 
hydrogenation thin linoleic or linolenic acids (5). The use of commercial 
fractions of polymerized oils does not appear promising, because of their high 
colour and free fatty acid, and emulsifying properties. Moreover, the poly¬ 
merization does not alter all the linolenic acid, and the hydrogenated products 
are unstable to oxidation and contain polymerized material of undetermined 
nature. However, it must be emphasized that the commercial process is not 
identical with the procedure reported by Privett, Pringle, and McFarlane (9), 
which yields a more acceptable product. 

The storage experiments with shortenings of various iodine values suggest 
that iso-linoleic acid is not the only cause of reversion. They also confirm 
earlier views that flavour changes may occur without appreciable oxidative 
changes, although the vacuum storage results are evidence that some oxygen 
must be present for reversion to take place. 
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RATION BISCUITS 

IV. EFFECT OF TEMPERATURE AND SHORTENING TYPE 
ON KEEPING QUALITY 1 

By H. J. Lips 2 *, N. C. Crowson 3 , and W. Harold White 4 


Abstract 

Biscuits commercially prepared with shortenings of four types (compound 
animal-vegetable, blended vegetable, hydrogenated vegetable, and stabilized, 
hydrogenated vegetable) were coarsely ground and stored in sealed cans at 
26.7°, 43.3°, and 60° C. (80°, 110°, and 140° F.). Deterioration was assessed 
by peroxide oxygen and pH determinations, and by flavour scores. The results 
obtained for biscuits stored at 60° C. were not indicative of behaviour at the 
lower temperatures. Flavour score was the most useful estimate of biscuit 
keeping quality, especially at 26.7° and 43.3° C. Peroxide development was 
appreciable only in biscuit material stored at 26.7° C. 

Biscuits prepared with hydrogenated vegetable shortenings were generally 
more stable (average storage life: 84, 22, and 13 weeks at 26.7°, 43.3°, and 
60° C., respectively) than those prepared with animal-vegetable or blended 
vegetable shortenings. However, shortenings with Swift stabilities (110° C.) 
greater than 40 hr. did not yield products of increased keeping quality. 


Introduction 

One of the important causes of spoilage in baked goods is deterioration of 
the fat used in their preparation. Therefore it might be expected that the 
keeping quality of a baked product would bear a direct relation to the keeping 
quality of the shortening used. However, determination of shortening 
stability does not necessarily indicate the stability that the shortening will 
show in soda crackers (4, 12, 13). This has been attributed in part to destruc¬ 
tion of antioxidants and peroxides in the fat during baking. 

A previous investigation in these laboratories demonstrated that ration 
biscuits had a longer storage life at 43.3° C. when a stabilized, hydrogenated 
vegetable, rather than a compound, animal-vegetable shortening was used 
(5). The present paper describes an examination of a number of biscuit 
shortenings and the results obtained from storage tests on ration biscuits 
prepared with these shortenings. 

Materials and Methods 

Seventeen currently available shortenings (1943) were classified according 
to information received from the manufacturers into four general groups: I, 

1 Manuscript received May 29 , 1946. 

Contribution front the Division of Applied Biology , National Research Laboratories , 
Ottawa. Issued as Paper No. 180 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1490. 

1 Biochemist , Food Investigations. 

8 Formerly Biochemist , Food Investigations; now student , Faculty of Medicine , Queen's 
University , Kingston , Ont. 

4 Formerly Biochemist , Food Investigations; at present Chemist , Imperial Oil Co ., Ltd., 
Sarnia. 

* Earlier publications by this author appeared under the name A. Lips. 
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compound animal-vegetable; II, blended all vegetable; III, hydrogenated 
vegetable; and IV, stabilized, hydrogenated vegetable. Keeping quality was 
estimated by Swift stability tests at 110° C. (9) and by peroxide measurements 
(IS) at 10 appropriate intervals on samples stored in loosely covered half-pint 
jars for 38 weeks at 26.7° C. Capillary melting point (15), Kaufman iodine 
number (IS), refractive index at 48° C. (15), saponification number (1), and 
smoke point (1) were determined on the fresh material. 

The experimental biscuits were prepared by two commercial manufacturers. 
Processing was carried out according to the formula: 50 lb. of soft wheat 
flour, 5 lb. of shortening, baking soda (6 oz., Plant A; 8 oz., Plant B), and 
water as used in plant practice. Shortenings (described above) and flour 
used by both manufacturers were obtained from the same sources. The 
amount of moisture in the biscuits produced was quite uniform, but the fat 
content was generally higher for Plant A products (Table I). 


TABLE I 

Mean moisture and fat contents of biscuits prepared with four 

TYPES OF SHORTENING IN TWO PLANTS 



No. of samples 

Fat and moisture contents, % 

Biscuit group 

in group 

Plant A 

Plant B 


Plant A 

Plant B 

Fat 

Moisture 

Fat 

Moisture 

I. Compound animal- 
vegetable shortenings 

B 

3 

i 

' 


n 


7.1 

II. Blended vegetable 
shortenings 

2 

2 

10.7 

6 6 

8.4 

6.5 

III. Hydrogenated vegetable 
shortenings 

* 6 

3 

10.2 

7.3 

8.0 

6 6 

IV. Stabilized,hydrogenated 
vegetable shortenings 

5 

4 

10.3 

7.3 

8.0 

6.8 


Each lot of biscuits was sampled and ground. Portions of the material 
(120 gm.) were placed in laminated glassine bags, and each bag was sealed in 
a No. 1 tin can. This left about one inch of headspace. 

Biscuits prepared by Plant A with 12 of the 17 shortenings were stored at 
26.7°, 43.3°, and 60° C., while those prepared with the five remaining shorten¬ 
ings were stored at 60° C. Biscuits made with the same 12 shortenings at 
Plant B were stored only at 60° C. The plant products were compared at 
60° C. because this is the usual temperature employed in the Schaal incubation 
test for fats and fat-containing materials (6, p. 125). Flavour score of the 
biscuit, peroxide oxygen value of the extracted fat, and pH of a potassium 
chloride extract of the biscuit material were determined at each sampling (5). 
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Samples were taken at IS suitable intervals during total storage periods of 82, 
48, and 30 weeks at temperatures of 26.7°, 43.3°, and 60° C., respectively. 

Shortening and biscuit data were examined statistically by means of 
analyses of variance and by calculation of simple coefficients of correlation. 

Results 

Shortenings 

Group mean values for measured properties are shown in Table II, and 
peroxide development is further illustrated in Fig. 1. 

TABLE II 

Mean values for measured properties of 17 biscuit shortenings of four types 


Shortening group 

No. of 
samples 
in 

group 

Measurements 

1 

Iodine 
! No. 

! 

Refractive 
index (at 
48° C.) 

Saponi¬ 

fication 

No. 

■ 

Swift 
stability, 
hr. at 
110° C. 

Mean peroxide 
value, ml. of 0.002 AT 
thiosulphate per 
gm. (over all 
samplings for 38 
weeks' storage 
at 26.7° C.) 

1. Compound 
animal- 
vegetable 

■ 

45.1 

70.5 

1.4589 

192.7 

420 

■ 

126.8 

II. Blended 

vegetable | 

2 

42.5 

77.9 

1.4591 

192.2 

426 

13 

22.9 

III. Hydrogenated 
vegetable 

6 

43.8 

68 1 

1.4579 

189.9 

425 

20 

11.4f 

IV. Stabilised, 
hydrogenated 
vegetable 

5 

43.6 

59.0 

1.4568 

190.8 

424 

66 

0.8* 

Smallest necessary difference 
between any two groups 
for statistical significance 
(5% level) 

— 

8.9 

0.0012 

— 

— 

1 

12 

30.9 


t Three shortenings only . 
t Four shortenings only. 

Statistical calculation showed no significant differences in mean value 
between shortening groups for melting point, saponification number, and 
smoke point; significant differences for iodine number and refractive index; 
and highly significant differences for Swift stability and mean peroxide value. 
Group IV shortenings were lower in iodine value than those of Groups I, II, 
and III and lower in refractive index than those of Groups I and II. Swift 
stability was higher for Group IV than for the other three groups and mean 
peroxide value was higher for Group I than for the other three* 
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Iodine number, refractive index, Swift stability, and log mean peroxide 
value were interrelated (Table III). Low iodine number was associated with 
low refractive index and high stability. Saponification number was inversely 
related to smoke point. 

TABLE III 

Simple coefficients of correlation between measured properties 

OF BISCUIT SHORTENINGS 


Quantities 

correlated 

Saponifica¬ 
tion No. 

Iodine 

No. 

Smoke 

point 

Refractive 

index 

Melting 
point j 

Swift 

stability 

Iodine No. 

.11 

— 

— 

— 

— 

— 

Smoke point 

- 52* 

-.01 

— 

— 

— 

— 

Refractive index 

.11 

.77** 

.14 

— 

— 

— 

Melting point 

—. 17 

-.09 

.12 

.u 

— 

— 

Swift stability 

- 30 

-.63** 

.16 

- 61** 

-.10 

_ 

Log mean peroxide 
valuef 

.31 

.69* 

-.28 

.74** 

.18 

-.82** 


f Twelve values; all other measurements , 17 values. 
* Indicates 5% level of statistical significance. 

** Indicates 1 % level of statistical significance. 



TIME IN WEEKS 

Fig. 1. Mean peroxide oxygen development in shortenings of four types stored at 26.7° C. 
for Ji V weeks. I, compound animal-vegetable; II, blended all-vegetable; III, hydrogenated 
vegetable; IV, stabilized, hydrogenated vegetable. 
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The results indicate that stability was a function of shortening type. 
Differences in shortening stability were apparently maintained during storage 
(Fig. 1). Stabilization of Group IV shortenings was evidently due in part to 
hydrogenation to a low iodine number, while the inferior keeping quality of 
Group I material was presumably caused by the presence of animal fat. 

Biscuits 

Mean values over all sampling periods for flavour, peroxide oxygen, and 
pH measurements on biscuits made with each of the four types of shortening 
are presented in Table IV. 

There were no statistically significant differences in mean pH and peroxide 
measurements at any of the storage temperatures and no differences in flavour 
score of material stored at 60° C. Significant group differences in flavour 
score were present in biscuits stored at 43.3° C., and highly significant differ¬ 
ences in biscuits stored at 26.7° C. The mean flavour score for Group I 
biscuits was lower than the means of Groups II, III, and IV for storage 
temperature 26.7° C., and lower than the means of Groups III and IV for 
storage temperature 43.3° C. 

The marked inferiority in keeping quality of Group I biscuits and the lack 
of differentiation among the other three groups is illustrated by the flavour 
changes shown in Fig. 2. The effect of storage temperature on mean flavour 
values averaged over all shortenings is shown in Fig. 3 (Plant A biscuits only). 
It was estimated that ration biscuits prepared with a good grade of hydro¬ 
genated vegetable shortening had average storage lives of 84, 22, and 13 
weeks at 26.7° 43.3° C., and 60° (\, respectively. 

The chemical measurements yielded only limited information about keeping 
quality. Pronounced peroxide oxygen development was found only in biscuits 
prepared with compound animal-vegetable and blended all-vegetable shorten¬ 
ings and stored at 26.7° C. (Fig. 2). There was an initial decline in pH 
which was much more rapid at the higher storage temperatures (Fig. 3). 

Association between mean biscuit flavour and mean peroxide oxygen content 
of stored shortening was negative, and closer for the lower biscuit storage 
temperatures (Table V). The relation between peroxide oxygen values for 
biscuits and for stored shortenings was not significant. 

Mean biscuit flavour at 26.7° C. did not increase appreciably with the use 
of shortenings having Swift stabilities greater than 40 hr. at 110° C. (Fig. 4). 
A similar relation for Swift stability of shortenings and mean peroxide oxygen 
content of biscuits held at 26.7° C. is also shown in Fig. 4. Shortening 
stability and biscuit flavour score were more markedly associated at the lower 
storage temperatures (Table V). Log Swift stability and mean biscuit 
peroxide value at 26.7° C. were also related. 

Useful storage life of the biscuits was held to be at an end when the flavour 
score fell to five palatability units (5). Estimated storage lives of the various 
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statistical significance (5% level) 




PEROXIDE OXYGEN FLAVOUR SCORE 

MU OF 0002 N thiosulphate 
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TIME- WK 

Fig. 2. Changes in mean flavour score and peroxide value for biscuits stored at 26.7° C. 
and prepared with four shortening types: I, compound animal-vegetable; II, blended all- 
vegetable; III, hydrogenated vegetable; IV, stabilized , hydrogenated vegetable. 
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groups of biscuits under the storage conditions studied are given in Table VI. 
Calculations based on these data supported the previous conclusions, namely, 
that a high level of biscuit keeping quality was obtained by the use of a 
reasonably stable shortening, but further increase in biscuit life was not 
obtained by the use of shortenings of still greater stability. 



Fig. 3. Changes in mean flavour score and pH value, over all shortenings used, for biscuits 
stored at 26.7 °, 43 3°, and 60 0 ° C. (Plant A only). 

No conclusion could be drawn regarding plant practice, as the storage 
temperature (60° C.) at which the two plant products were compared was the 
one at which differentiation among biscuit groups was least pronounced. 
The use of different quantities of baking soda (8 f 10) and the variation found 
in fat concentration (5), together with differences in processing procedure, 
probably accounted for differences between the plant products. 
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TABLE V 

Correlation of shortening stability with biscuit stability 


Quantities correlated 

Correlation 

coefficient 

Mean peroxide values of 12 stored shortenings (26.7° C.) with: 


fMean biscuit flavour, 

26.7°C. 

-.92** 

Plant A 

43.3° C. 

-.74** 


60° C. 

-.55* 

[Mean biscuit peroxide value, 26.7° C. 

.53 

Plant BjMean biscuit flavour, 

60° C. 

-.56* 

Log Swift stability (110° C.) of 12 shortenings with: 



(Mean biscuit flavour, 

26.7° C. 

.78** 

Plant A J 

43.3°C. 

.81** 

I 

60° C. 

.56* 

[Mean biscuit peroxide 

value, 26.7° C. 

-.78** 

Plant J3 j Mean biscuit flavour, 

60° C. 

.21 


* Induates 5% level of statistical significance. 
** Indicates 1% level of statistical significance. 


Discussion 

Shortenings 

Mean iodine numbers of 75.2 for 11 samples of mixed animal-vegetable 
shortening, 78.2 for 31 samples of blended all-vegetable shortening, and 69.9 
for 60 samples of hydrogenated vegetable shortening have been reported (2). 
These figures are somewhat higher than those reported here. An examination 
of smoke points determined by other workers (14) shows a comparable average 
of 422° F. for 10 vegetable shortenings. 

None of the correlations estimated was sufficiently close for prediction 
purposes, although a number of anticipated associations were found. An 
association of melting point with iodine value was not expected in a selection 
of shortenings differing so widely in composition. Decrease in smoke point 
with increase in saponification value may have been due to variation in free 
fatty acid content (7, vol. 1, p. 394) or variation in content of component 
acids of low molecular weight (3, p. 68). 

Biscuits 

The investigation demonstrated that values for chemical measurements and 
flavour tests obtained for ration biscuits stored at the usual temperature of 
60° C. (6, p. 125) may be misleading if they are used to predict storage 
behaviour at lower temperatures. 

An explanation of the low peroxide value of extracted fat at the higher 
storage temperatures is possible if it is assumed that breakdown of peroxides 
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proceeded simultaneously with their formation, and that the relative rate of 
peroxide decomposition was greater at the higher temperatures. The more 
rapid initial decline in pH at the higher temperatures would support this, if 
the lowering of pH was entirely due to formation of free fatty acids from 



O 20 40 60 60 100 


SWIFT STABILITY - HR. 

Fig. 4. Relation of Swift stability (110° C.) of shortenings to mean flavour score and 
mean peroxide value of biscuits stored at 26 . 7° C, 

peroxide breakdown. However, pH changes might be attributable in part to 
changes in protein constituents, and it is also possible that decomposition 
products of proteins inhibited peroxide formation in the fat fraction, 
particularly at 60° and 43.3° C. Baking operations and the influence of 
non-fat constitutents in the biscuit were apparently responsible for the lack 
of close association between peroxide oxygen values of shortenings stored at 
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TABLE VI 

Estimated mean storage life (time for flavour score to reach a value of five) of 
RATION BISCUITS STORED AT 26.7°, 43.3°, AND 60° C. 



No. of samples 

Storage life, weeks 

Biscuit group 

in group 

Plant A 

Plant B 


Plant A, 
60° C. 

All 

others 

26.7° C. 

43.3°C. 


60° C. 

I. Compound animal- 
vegetable shortenings 

4 

3 

19 

7 

|HR|||| 

8 

II. Blended vegetable 
shortenings 

2 

2 

63 

14 

7 

13 

III. Hydrogenated 

vegetable shortenings 

6 

3 

67 

20 

7 

17 

IV. Stabilized,hydrogenated 
vegetable shortenings 

5 

4 

97 

23 

7 

17 


26.7° C. and peroxide oxygen values of the same fat extracted from biscuits 
also stored at that temperature. Difference in peroxide development under 
the two conditions was most marked for the blended all-vegetable shortenings 
(cf. Figs. 1 and 2). 

Although peroxide values for biscuits stored at 26.7° C. and prepared from 
compound animal-vegetable (Group I) and blended vegetable (Group II) 
shortenings were both high, biscuits containing the all-vegetable product were 
rated as having higher mean flavour. This was presumably due to the greater 
stability of peroxides formed in vegetable fat, as compared to those formed 
in animal fat, with a corresponding delay in liberation of objectionable products 
of peroxide breakdown (11). 
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Abstract 

Mean values for measured properties of 33 samples of lard obtained from 
26 packing plants across Canada were: iodine number, 58.7; saponification 
number, 193.9; melting point, 43.5° C.; smoke point, 382° F.; colour, 8.8Y, 
1.6R; unsaponifiable matter, 0 43%; fatty acid composition: saturated, 45.6%, 
oleic, 44.7%, linolcic, 8.7%, linolenic, 0.6%, arachidonic, 0 4%; storage life 
at 26.7° C., 9 2 weeks; Swift stability, 3 5 hr.; iodimetric peroxide, 1.6 ml. of 
0.002 N thiosulphate per gm.; ferrometric peroxide, 9.7 m.e. per kgm.; Kreis 
test, 9.9; Stamm test, 2.3; alpha-dicarbonyl test, 3.4; free fatty acid, 0.4%; 
fluorescence, 79.2. The distribution of values is shown by histograms. 

Simple correlation coefficients computed between measured properties showed 
the following to be associated: melting point with iodine number; free fatty 
acid content with melting point, smoke point, and red colour; storage life at 
26.7° C. with log of Swift stability and initial ferrometric peroxide, Kreis, and 
alpha-dicarbonyl values. 


Introduction 

In pre-war years there was usually a lard surplus because the housewife 
preferred hydrogenated vegetable shortening to the animal product. The 
factors that have contributed to the inferior competitive position of lard are: 
lack of resistance to spoilage, lack of blandness, and unsuitability for use in 
deep-fat frying due to a low smoke point (28, 42). However, in pastry the 
shortening power of lard is often superior to that of hydrogenated vegetable 
oils (41, 58). 

In the United States, progress has been made in the development of bland 
lards that may be kept for extended periods without refrigeration. These 
products owe their desirable characteristics to special processing, including: 
deodorization, partial hydrogenation, addition of hardened lard “flakes”, or 
the incorporation of antioxidants such as gum guaiac and lecithin (44, 49, 
61). In Canada, although the Food and Drugs Act has been amended to 
permit the incorporation in lard of certain antioxidants, commercial stabili¬ 
zation under the Act has not begun. Provided that additions are indicated on 
the container and that not more than 0.2% of stabilizing material is added, 
singly or in combination, the following substances may now be used: gum 
guaiac; vegetable oil containing tocopherols; lecithin; citric, tartaric and 
ascorbic acids (12). 

Formerly Canada imported over 50% of her fats and oils requirements, 
exclusive of butter (35). During the war, the lard industry expanded, owing 
to a large increase in hQg production and to emergency salvage and carcass 

1 Manuscript received July 2 , 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa , Canada. Issued as paper No. 182 of the Canadian Committee on Food Preservation t 
and as NR.C. No. 1484. 

1 Biochemist , Food Investigations. 

1 Laboratory Steward , Food Investigations . 

* Earlier publications by this author appeared under the name of A. Lips . 
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trimming operations. It is expected that there will be an eventual surplus 
of lard, and one of the problems confronting the Canadian packing industry 
will be the improvement of this product so that high levels of export and 
domestic consumption can be maintained in the face of post-war competition 
by shortenings prepared from vegetable oils. 

As a basis for proposed work to improve the quality of Canadian lard, it 
was considered advisable to determine the characteristics of the product as 
freshly produced. Surveys of Canadian lard were conducted as early as 1888 
by the Food and Drugs laboratory (then a branch of the Department of Inland 
Revenue), but these were concerned only with adulteration of lard in respect 
to other fats and excess moisture (30). 

A preliminary examination of market samples obtained in the city of Ottawa 
in the summer of 1944 showed an average keeping time of only five weeks at 
26.7° C. With this indication of stability as a guide a more extensive survey 
of available commercial products was begun in September, 1944. Question¬ 
naires concerning plant practice were submitted to Canadian packing houses, 
and representative samples of processed material were requested. 

Materials and Methods 

A total of 33 samples of lard was obtained from 26 packing plants across 
Canada and stored at — 40° C. until required. Of these samples 12 were 
dry rendered and 21 wet rendered. As indicated in replies to questionnaires, 
the details of processing procedure varied considerably from plant to plant. 

The product was characterized by determination of Kaufmann iodine num¬ 
ber (14, 26); saponification number (24); capillary melting point (5); unsaponi- 
fiable matter (2); oleic, linoleic, linolenic, and arachidonic acids (9); smoke 
point (2); Lovibond colour (2); free fatty acid (32); and Swift stability* 
(27, 40). Organoleptic storage life at 26.7° C.; iodimetric and ferrometric 
peroxide oxygen; Kreis, Stamm, and alpha-dicarbonyl tests; and fluorescence 
w r ere determined by methods reviewed elsewhere (18). 

Results and Discussion 

It was necessary to respect the confidential nature of some of the data 
obtained from the questionnaires but the majority of the laboratory results 
are reported (Fig. 1 and Table I), Initial odour is not given, but should be 
mentioned because many samples were objectionable in varying degree, hav¬ 
ing definite 'porky*, 'tankage’, or 'burnt’ odours. Lovibond blue reading 
and initial iodimetric peroxide content are not represented graphically, as 
the results included a number of zero values. No histogram for arachidonic 
acid concentration is given because the variation in value was slight. 

* When the indicator method (40) is used to determine Swift stability , the indicator should be 
renewed after the volatile fatty acids originally present have been driven off. This should not take 
longer than 30 min. 
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Fig. la. Distribution of measured properties of Canadian lard. 
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Fig. 1ft. Distribution of measured properties of Canadian lard. 
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TABLE I 

Mean values and ranges for measured properties of Canadian lard 


Measurement 

Mean 

Range 

Measurcmeht 


Range 

Iodine number 

58.7 

53.1-65.3 

Swift stability, hr. at 97.8 °C. 

3.5 

0.3-9.0 

Saponification number 

193.9 

184.2-202.2 

Ferrometric peroxide, m.e. 



Melting point, °C. 

43.5 

39.3-47.9 

per kgm. 

9.7 

0.0-73.2 

Smoke point, °F. 

382 

345-438 

Iodimetric peroxide, ml. of 



Yellow colour, Lovibond 



0.002 N thiosulphate 



units 

8.8 

3.0-22.3 

per gm. 

1.6 

O.G-14.2 

Red colour, Lovibond units 

1.6 

0.4-3.1 

Kreis test, extinction coef¬ 



Blue colour, Lovibond units 

0.2 

0.0-1.2 

ficients 

9.9 

3.7-20.7 

Saturated acids*, % 

45.6 

— 

Stamm test, extinction coef¬ 



Oleic acid*, % 

44.7 

38.6-51.8 

ficients 

2.3 

0.0-19.9 

Linoleic acid*. % 

8.7 

4.6-11.3 

Alpha-dicarbonyl test, 



Linolenic acid*, % 

0.6 

0.4-1.1 

extinction coefficients 

3.4 

0.8-9.9 

Arachidonic acid*, % 

0.4 

0.3-0.5 

Free fatty acid, as % oleic 

0.4 

0.1-0.9 

Unsaponifiable matter, % 

0.43 

0.20-1.70 

Fluorescence, photofiuoro- 



Storage life, weeks at 26.7° C. 

9.2 

2.0-22.0 

meter units 

79.2 

39.8-146.0 


*Expressed as % of total acids. 

Characteristics of Canadian Lard 

Values for iodine number, saponification number, and melting point had a 
fairly normal distribution (Fig. 1). Variation in these values, in the absence 
of adulteration or advanced spoilage, would seem to be chiefly due to dif¬ 
ferences in the original fat before processing. 

There was appreciable variation in oleic, linoleic, and linolenic acid concen¬ 
trations as determined spectrophotometrically. Saturated acid values were 
obtained by difference only. Here again the differences were concerned with 
the original raw materials. 

Values for unsaponifiable matter vary to some extent with the method 
of rendering the lard, and large variations may affect the values obtained for 
other measurements on the whole fat (36, pp. 401, 425). The values greater 
than 0.8% are unusually high. 

It is considered that the smoke point of lard should be at least 400° F. to 
compete with that of shortening, since a survey of 17 wartime shortenings, 
including animal-vegetable compounds, showed a mean value of 424° F. (39). 

For several samples it was necessary to remove suspended material by 
filtration before colour measurements could be made. Blue readings were 
obtained for 10 of the 33 samples, and it was found that the presence of carbon 
in suspension ‘markedly increased the apparent blue colour. Variation in 
colour would appear to be chiefly governed by factors of processing technique. 

Stability of most of the lard samples was poor, as estimated by storage life 
at 26.7° C. and by Swift stability at 97.8° C. The magnitude of these 
measurements depends on the nature of the original material and the details 
of processing procedure, if it is assumed that no antioxidants were used. 
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The values for iodimetric peroxide, ferrometric peroxide, Kreis test, Stamirt 
test, alpha-dicarbonyl test, and free fatty acid reflect the degree of exposure 
of the lard during processing to spoilage by biological and chemical action. 
Considerable variation in these respects is shown in Table I and Fig. 1. 
Fluorescence values were unevenly distributed. 

Interrelation of Measured Properties 

The literature contains a number of references to relations between various 
measured properties of fats and oils. Iodine value is reduced by marked 
oxidation (33, p. 95; 36, p. 425), saponification number is influenced to some 
extent by free fatty acid content (36, p. 394), and melting point is appreciably 
altered by changes in free fatty acid (36, p. 329). Moisture content, by 
affecting lard transparency, may influence estimation of the capillary melting 
point (17; 36, p. 288). However, according to the Canadian Food and Drugs 
Act (12), moisture content of lard is limited to 1%, and the product must be 
free from rancidity. In the absence of changes in composition, smoke point 
varies inversely with free fatty acid content (7; 23, pp. 132-136). 

In the present study the relation of measured properties to one another was 
investigated by calculating simple coefficients of correlation, except where this 
was precluded by the presence of a large number of zero values, as in the case 
of iodimetric peroxide and Lovibond blue measurements. Most of the corre¬ 
lations proved to be insignificant; only the more important ones are reported 
(Table II). 

Iodine number was inversely related to melting point, but no association of 
saponification number with other measured properties w r as found. The 
significant association of melting point with free fatty acid content indicates 
that the free fatty acids formed before or during processing lowered the 
melting point. 

Smoke point, Lovibond red colour, and free fatty acid content were all 
interrelated. High values for free fatty acid were associated with low smoke 
point and high red colour. Lowering of the smoke point by free fatty acids 
is a well recognized effect, and significant correlations have been reported 
(42). The relation of free fatty acid to red colour suggests that there w T as a 
parallel increase in these two measurements during processing. Red and 
yellow colour readings were directly related. 

The correlation of storage life at 26 7° C. with log Swift stability (Fig. 2) 
indicates that the latter determination has certain usefulness in the predic¬ 
tion of lard keeping quality at lower temperatures, at least in the absence 
of added antioxidants. There has been some question about this point (51). 
Storage life varied inversel} with ferrometric peroxide, Kreis and alpha- 
dicarbonyl values; that is, samples with high values for these chemical 
measurements had short storage lives, as oxidative deterioration was already 
in progress. Iodine value, content of saturated and unsaturated acids and 
unsaponifiable matter, and fluorescence had no observed important relation 
to storage life. The results support a previous suggestion that degree of 
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unsaturation in pigs* fat is not necessarily the limiting factor in determining 
stability (34, pp. 60-64). 

Other relations examined between measured properties were not significant. 

TABLE II 

Coefficients of correlation between measured properties 
of Canadian lard 


Quantities correlated 

No. of 
values 

Correlation 

coefficient 

Iodine number with: 

Melting point 

33 

- .41* 

Melting point with: 



Smoke point 

33 

.41* 

Lovibond yellow 

33 

- .29 

Lovibond red 

33 

- .24 

Free fatty acid 

33 

- .59** 

Smoke point with: 



Lovibond yellow 

33 

- .19 

Lovibond red 

33 

- .38* 

Free fatty acid 

33 

- .87** 

Lovibond yellow with: 



Lovibond red 

33 

.82** 

Lovibond red with: 



Free fatty acid 

33 

.41* 

Storage life with: 



Log Swift stability 

20 

83** 

Ferrometric peroxide 

26 

- 63** 

Kreis test 

29 

- 39* 

Stamm test 

27 

- .28 

Alpha-dicarbon\ 1 test 

27 

- .36* 


¥ Indicates 5% level of statistical significance. 
** Indicates 1% level of statistical significance. 


Relation of Measured Properties to Plant Practice 

Stability and smoke point were considered likely to be altered by variations 
in processing procedure, so the effect of these variations upon storage life and 
smoke point was assessed on wet and dry rendered lards considered together 
and separately (Table III). However, the calculated correlation of any one 
plant practice with the measund properties is not strictly valid, as all other 
factors were not constant among plants. Moreover t he calculations are based 
on a limited number of values, and the results may not reflect general opera¬ 
tional experience in all cases. 

A preliminary analysis of variance demonstrated no important difference 
in mean storage life between wet and dry rendered lard, but showed that the 
mean smoke point for dry rendered lard was significantly higher than for the 
wet rendered product. The latter result is attributable to the higher free 
fatty acid content of the wet rendered fats, due to their exposure to the 
hydrolyzing effect of long contact with steam or hot water. 



STORAGE LIFE - WK. 
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Fig. 2. Relation of Swift stability at 97 . 8° C, to storage life at 26.7° C.for Canadian lard . 
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Coefficients of correlation between plant practices and measured properties for 

Canadian lard 



No. of values 

Correlation coefficients 


Quantities correlated 

Wet 

rendered 

lard 

| Dry 

rendered 

lard 

Total 

Wet 

rendered 

lard 

Dry 

rendered 

lard 

Total 

Storage life with: 

Killing fat, % 

Cutting fat, % 



1 





21 

12 

33 

.15 

.10 


.14 * 

21 

12 

33 

- .14 

- .35 

— 

.23 

Bones, % 

21 

12 

33 

.77** 

- .15 

— 

.22 

S.P.f material, % 

21 

12 

33 

- .02 

- .31 

— 

.11 

Rendering temperature 

21 

12 

33 

.41 

- .30 

— 

.12 

Rendering time 

3 

11 

14 

- .42 

.69* 

— 

.02 

Deodorizing temperature 

— 

4 

5 

— 

.00 

— 

.40 

Deodorizing time 

— 

4 

5 

— 

- .70 


.08 

Filtering temperature 
Time, processing to 

20 

11 

31 

- .31 

- .43 

~ 

.32 

packaging 

21 

12 

33 

.10 

- .30 

— 

.12 

Smoke point with: 








Killing fat, % 

Cutting fat, % 

21 

12 

33 

- .77** 

.52 

— 

.19 

21 

12 

33 

- .15 

.22 

— 

.09 

Bones, % 

21 

12 

33 

.40 

.53 


.33* 

S.P.f material, % 

21 

12 

33 

- .03 

.20 


.11 

Rendering temperature 

21 

12 

33 

.33 

.82** 


.51** 

Rendering time 

3 

11 

14 

.99* 

- .56 

— 

.71** 

Deodorizing temperature 


4 

5 

—- 

- .88 

— 

.45 

Deodorizing time 


4 

5 

— 

- .83 

— 

.42 

Filtering temperature 
Time, processing to 
packaging 

20 

It 

31 | 

.32 

- .12 

" 

.22 

21 

12 

33 

- .10 

.19 


.08 


t Sweet pickle. 

* Indicates 5% level of statistical significance. 
** Indicates 1% level of statistical significance. 


The storage life of wet rendered lard appeared to be lengthened by increase 
in amount of bones (Table III), presumably because of their content of natural 
stabilizing substances. The presence of 0.14% lecithin in pig-bone fat as 
compared to 0.04 to 0.06% in lard has been reported (25). With the dry rend¬ 
ered lard, increase in rendering time appeared to be beneficial. This may be 
related to better extraction of natural stabilizers from the non-fatty material. 
Although correlations of storage life with filtering temperature failed to attain 
statistical significance, they were all negative, indicating that moderately low 
filtering temperatures (160° to 170° F.) would be desirable for the production 
of more stable lard. 

High smoke point was favoured by decrease in killing fat in wet rendering, 
and by an increase in bones. A negative correlation of smoke point with 
cutting fat rather than killing fat had been anticipated, since the former fat 
usually has more time to develop free fatty acids by enzymic action before it 
is rendered (23, pp. 132-136; 37, 45, 60). Similarly it was expected that 
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increase in bones might lower the smoke point, since these may stand for 
some time before rendering, with consequent development of free fatty acids 
in the fat that they carry. No satisfactory explanation can be offered for 
these discrepancies at present because of limited information about the oper¬ 
ations concerned. The relation between smoke point and rendering temper¬ 
ature was positive, and between smoke point and rendering time negative. 
This suggests that rendering should be carried out at a relatively high tem¬ 
perature in as short a time as possible (23, pp. 132-136; 43, 55). 

Although none of the other relations tabulated was significant, reduction in 
deodorizing temperatures and times used appeared to be desirable. In general 
the influence of processing procedures upon wet and dry rendered products 
was dissimilar. 

Comparison with Lards from Other Countries 

Extensive control examinations of lard in other countries have been reported 
(1, 13). 

Comparative figures in the literature on the composition of lard are largely 
based on chemical rather than spectrophotometric measurements. For 27 
American lards (4), the calculated compositions were predicated on the absence 
of fatty acids more unsaturated than linoleic (Table IV). However, the 
presence of linolenic, unsaturated C 20-22 , and conjugated acids has been 
demonstrated (10; 31; 21, pp. 80-86). The presence of arachidonic acid is 
used as the basis of a .spectrophotometric method for distinguishing between 
lard and hydrogenated vegetable oils (6). The greater unsaturation of other 
lards as compared to Canadian lards is undoubtedly due in part to differ¬ 
ences in the nature and fat content of the diet of the hog (33, pp. 17-26). 
Changes in the diet similarly affect melting point, but have less effect on 
saponification number. 

Comparative figures for lard colour have not been found in the literature. 
Authentic blueness in lard is said to be due to a natural pigment, and is con¬ 
sidered an indication of careful processing rather than poor handling.* The 
blue pigment is unstable, and on oxidation it changes to red, or a.mixture of 
red and yellow (23, pp. 157-158). Its presence is objectionable, since the 
consumer prefers whiteness. 

The smoke point figure quoted in Table IV for American samples does not 
include the value given for a bland lard (59). 

Available figures for small numbers of American samples indicate that lard 
usually has indifferent keeping quality unless it is stabilized by the addition 
of antioxidants, or subjected to special processing treatments (50). 

The use of fluorescence in the study of fats tp detect impurities and deterior¬ 
ation has been suggested by several workers (19, 20, 47, 54) but no recent 
data are available for comparison. Fluorescence in lard is said to depend 
both on state of preservation and manner of processing (8, 16, 48, 53). 

* Anon. National Provisioner , 112(20): 15, 1945. 
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TABLE IV 

A COMPARISON OF VALUES FOR MEASURED PROPERTIES OF CANADIAN LARD WITH OTHER 
REPORTED AND RECOMMENDED VALUES 



Comparative values 

Measurement 

Canadian 

American 

Other 


Mean 

Range 

Iodine number 

58.7 

53.1-65.3 

27 samples, 64.6 (4) 
Recommended, 46-70 (3) 

General, 46-66 (22, p. 136) 
English, 108 samples, 57-73 
(56) 

Portuguese, 30 samples, 63.9 
(46) 

Saponification number 

193.9 

184.2-202.2 

Recommended, 195-202 (3) 

General. 193-200 (22, p. 136) 
Portuguese, 30 samples. 
195.8 (46) 

Melting point, °C. 

43.5 

39.3-47.9 

— 

General, 28-48 (22, p. 136) 

Smoke point, °F. 

382 

345 438 

6 samples, 371 (59) 

— 

Saturated acids*, % 

45.6 

— 

27 samples, 36.8 (4) 

Portuguese, 30 samples, 38.5 
(46) 

Oleic acid*. % 

44.7 

38.6-51.8 

27 samples. 51 5 (4) 

Portuguese, 30 samples, 49 2 
(46) 

Linolcic acid*, % 

Arachidonic acid*, % 

8.7 

0.4 

4.6 11.3 

0.3 0.5 

27 samples. 11.7 (4) 

0.02-0.21 (15) 

0.31-0.40 (11) 

0.2 -0.6 (6) 

Portuguese, 30 samples, 12.5 
(16) 

Unsapomfiable matter, % 

0.43 

0.20-1 70 

. 

Recommended, 1.0 max. (3) 

General, 0.2-0.4 (22, p. 136; 
29, p. 135) 

Portuguese, 30 samples, 0.14 
(46) 

Swift stability, hr. at 97.8 
°C. 

3.5 

0.3-9.0 

7 samples, 5.3 (50) 

Other Canadian, 14 samples, 
2.2 (38. 40) 

Iodimetric peroxide, ml. of 
0.002 N thiosulphate 
per gm. 

1.6 

0.0-14.2 

4 samples, 1.5 (28) 

6 samples, 0.7 (52) 
Recommended, 2.5 ml. 
max. (3) 


Free fatty acid, as % oleic 

0.4 

0.1 0.9 

6 samples, 0.26 (59) 

5 samples, 0.29 (28) 

3 samples, 0.33 (57) 

4 samples, 0.35 (28) 
Recommended, 1% max. (3) 

General, 0.2-0.7 (22, p. 136) 


* Expressed as % of total acids. 
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STUDIES COMPARING THE SANITIZING EFFICIENCIES OF 
HYPOCHLORITES AND QUATERNARY AMMONIUM 
COMPOUNDS 1 

By C. K. Johns 2 

Abstract 

The germicidal speed of four quaternary ammonium compounds has been 
compared with that of two hypochlorites against Staphylococcus aureus t Bacillus 
pants (vegetative cells and spores), Micrococcus candidus , cheese starter organ¬ 
isms, Escherichia coli and Pseudomonas aeruginosa , using the glass slide tech¬ 
nique originally devised for comparing chlorine sterilizing agents. Against the 
Gram-positive species, the quaternary compounds were generally more effective 
than the hypochlorites; against the Gram-negative species, the reverse held true. 

Cheese starter organisms were an exception, being killed faster by the hypo¬ 
chlorites. Three of the four quaternary compounds were closely comparable in 
efficiency, while the fourth was definitely slower. The hypochlorites responded 
much more readily to favourable adjustments in pH and temperature than did 
the quaternary compounds. Some bacteriostatic effect was observed with 
higher concentrations of all four quaternary compounds, but it is not believed 
that the results were significantly affected thereby. The glass slide technique 
appears to offer many advantages in the evaluation of the germicidal efficiency 
of products designed for sanitizing metal or glass surfaces in food processing 
plants. 

Introduction 

During the past decade, a large number of ‘surface active’ detergents have 
been developed. Of these, the quaternary ammonium compounds have been 
reported to be particularly effective as germicides (2, 8, 9, 10, 12, 13, 23, 27). 
Among other uses they are being recommended to supplant hypochlorites for 
the sanitizing of equipment in the dairy and food industries. So far, however, 
the only direct comparison of their effectiveness with that of hypochlorite has 
been reported by Jamieson and Chen (14) in the sanitizing of milk cans. 
Unfortunately the quaternary compounds were employed at a much higher 
concentration than the hypochlorite, rendering comparisons difficult. The 
present studies were designed to afford a direct comparison between repre¬ 
sentatives of both types of germicide. 

In the sanitizing of washed food-handling equipment, the bacteria present 
on the surfaces of such equipment are often protected by a slight film of 
diluted milk or other organic material. Tests conducted along the lines of 
the conventional phenol coefficient determination, in which the test organisms 
are freely suspended in a solution of the product under test, do not even 
remotely approximate the conditions under which the sanitizing agent must 
work in practice. To overcome this objection, when studying the com¬ 
parative germicidal efficiency of chlorine compounds (19, 20), a ‘glass slide’ 
technique was evolved in which the test organisms were present in a partially 
dried film of diluted skim-milk on the surface of a microscopic slide. This 

1 Manuscript received August J, 1946. 

Contribution No. 222 (Journal Series) from the Division of Bacteriology and Dairy 
Research , Science Service , Department of Agriculture , Ottawa , Canada. 

2 Bacteriologist. 
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technique had shown satisfactory reproducibility with chlorine products, 
hence it was decided to use it, with slight modifications, to compare the 
germicidal efficiencies of hypochlorites and quaternary ammonium compounds. 

In the previous studies with chlorine compounds, the F.D.A. 209 strain of 
Staphylococcus aureus was selected as the principal test organism, since it had 
been found (18) to be much more resistant to chlorine compounds than Gram¬ 
negative organisms such as members of the coliform group. However, in 
view of the reported specificity displayed by surface-active agents (24) other 
bacteria of interest to the food industry were included in the present studies. 

The importance of testing germicides in the concentrations at which they 
will be employed has been pointed out (19, 26). This has been borne in mind 
in the present studies. In addition, the period of contact with the germicide 
is of considerable practical importance. While in the sanitizing of vats, 
pipelines, coolers, etc., a contact period of several minutes can generally be 
allowed, in other instances, as in the treatment of farm dairy utensils, egg 
breaking sets, etc., the contact period often varies from an instantaneous dip 
to perhaps 10 sec. With this in mind, attention has been concentrated upon 
the ability of the products under test to bring about effective bacterial destruc¬ 
tion within 1, 5, 10, or 20 sec. 

Experimental 

A 20 to 24 hr. growth of the F.D.A. strain of S. aureus on nutrient agar 
was washed off and suspended in sterile distilled water. After filtration through 
a No. 1 Whatman paper to remove clumps of organisms, the suspension was 
standardized to give a plate count of approximately 200,000,000 per ml. One 
millilitre of suspension was then introduced into 60 ml. of a 1 : 10 dilution 
of sterile skim-milk. The container for the inoculated skim-milk was of such 
dimensions that the depth of the liquid was 1^ in. 

A previously sterilized slide was taken with sterile slide forceps and dipped 
into the seeded skim-milk suspension so that the lower half of the slide—an 
area of 1 by lj in. on either side—was immersed. The slide was withdrawn, 
carefully drained against the rim of the container for approximately 10 sec. 
to remove surplus liquid, then placed on end on a pad of sterile filter paper in 
a specially constructed draining can. A sufficient number of slides to run the 
desired number of tests on a given dilution of a product- usually four or 
five—were prepared consecutively, following which the tests were carried 
out before the films of diluted skim-milk had dried over more than 25% of 
the area. (Tests with slides allowed to dry completely give a significantly 
different picture.) 

Previous to preparing the slides, 100 ml. portions of the solutions to be tested 
were placed in 100 ml. beakers and brought to the desired temperature. The 
slide first treated was then drained of any excess liquid on the filter paper 
layers in the draining can, dipped into the test solution, and gently agitated 
for the required period. At the end of the period it was quickly removed, 
dipped momentarily in a beaker of tap water (to minimize bacteriostatic 
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action by the adhering germicide), shaken once to remove excess liquid, 
placed in a Petri dish, and the plate immediately poured with tryptone glucose 
agar containing 7.5% sodium chloride to inhibit contaminants (3, 22). Plates 
were counted after incubation at 37° C. for 48 hr. The remaining slides were 
similarly treated in correct sequence. 

To obtain some idea of the number of organisms present on the slides before 
treatment with the germicide, control plates were prepared at regular intervals 
during each day’s run by dipping sterile slides into a second container of 
diluted skim-milk in which the concentration of test organisms was only 1/60 
to 1/600 of that of the original suspension. These slides were drained in the 
usual manner, then dipped in tap water before plating. The average colony 
count on these control slides, multiplied by the appropriate factor, reflected 
the approximate number of organisms present on the regular slides before 
treatment. By dividing this figure by 1000, a value was obtained indicating 
the number of organisms remaining after 99.9% had been destroyed. This 
was taken as the end-point in comparing the efficiency of the various products. 
Although the experimental error is obviously large when dealing with short 
exposure periods, the end-points obtained have shown far better agreement 
between replicate runs than has been obtained with various modifications of 
the F.D.A. method of determining the phenol coefficient. 

The products tested were selected as being fairly representative of those on 
the market in Canada, and included: 

(a) Roccal, a 10% solution of alkyldimethylbenzylammonium chloride. 

( b ) R-2-L, ditto. 

(r) Hyamine 1622, (diisobutylphenoxyethoxyethyl)dimethylbenzylammo- 
nium chloride in crystalline form. 

( d) Emulsept, a 10% solution of N (acylcolaminoformylmethyl) pyridinium 
chloride. 

( e ) Dalglish Liquid Bleach, a liquid sodium hypochlorite product containing 
about 12% available chlorine. 

(/) Klenzade X4, a newer liquid sodium hypochlorite, said to be buffered 
to lower the pH and to render it more stable. 

Results 

SERIES I. S. aureus 

To conserve space in presenting data, the average time required to reach 
the end-point (99.9% destruction) has been calculated for each dilution of 
each product. Table I shows that Roccal, R-2-L, and Hyamine 1622 possessed 
similar germicidal speed; Emulsept, on the other hand, was somewhat slower. 

Although the Dalglish hypochlorite showed poorer agreement between the 
results of the two runs than did the remaining products, it appeared to be 
intermediate between Emulsept and the other three quaternary ammonium 
compounds. Klenzade X4, the second hypochlorite, was the slowest acting 
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TABLE I 

Exposure periods (seconds) required to destroy 99.9% op S. aureus at 20° and 45° C. 


Compound 

Concentration of active ingredient, p.p.m. 

400 

200 

100 

50 



20° C.—(average of two runs) 


Roccal 


5 

(6.83) 

5 

(7.02) 

10 

(7.22) 

R-2-L 


5 

(6.95) 

5 

(6.81) 

10 

(6.5) 

Hyamine 1622 


5 

(6.48) 

5 

(6.88) 

10 

(7.02) 

Emulsept 

7 5 (10.8) 

15 

(5.32) 

15 

(6.85) 

20 

(7.02) 

Dalglish 

12.5 

(10.48) 

15 

(9.98) 


Klenzade X4 

>20 (11.02) 

>20 

(10.76) 

>20 

(10.2) 




45° C. 


Roccal 


1 

5 

5 

R-2-L 


1 

5 

5 

Hyamine 1622 


1 

5 

5 

Emulsept 


10 

5 

10 

Dalglish 

1 

1 

5 


Klenzade X4 

1 

5 

10 



N.B. Figures in parentheses represent pH values at 20° C. 


of all, the end-point (99.9% destruction) not being reached within 20 sec. in 
either run. 

To determine whether the residual germicide on the treated slide exerted 
a bacteriostatic influence, an additional slide was prepared for the five second 
exposure with the tap-water rinse omitted. Since there was close agreement 
between the counts on both rinsed and unrinsed slides, it was concluded that 
the bacteriostasis was insignificant. Nevertheless, the dip rinse was con¬ 
tinued as a safeguard. (In subsequent tests with spores, using higher con¬ 
centrations of quaternary compounds, the value of this step became more 
evident.) 

The Influence of pH upon Germicidal Speed 

It is well known that the germicidal speed of hypochlorites is reduced as 
the alkalinity increases (4, 15, 19, 30, 32). It has also been reported that the 
reverse holds true for cationic agents such as the quaternary compounds 
(2, 10, 13). Consequently, to determine whether differences in germicidal 
speed could be attributed to differences in reaction, the pH values for the 
various solutions were determined, using a Beckman pH meter. With the 
hypochlorites no attempt has been made to correct the readings for the 
alkaline salt errors (7); the actual differences between the two products are 
probably greater than those suggested by these readings. 
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The results (Table I) suggest that the superiority of Dalglish over Klenzade 
X4 was due to the lower alkalinity of the former. The more acid reaction 
of Emulsept at 200 p.p.m. might explain its slower action, but this would not 
apply in the 100 and 50 p.p.m. concentrations. To assess more directly the 
influence of pH, a second series of tests was conducted in which representative 
products were run at two different pH levels. These levels were obtained by 
substituting one-quarter strength buffer solutions of pH 6 and 10 (prepared 
from tablets manufactured by the Coleman Electric Co.*) for distilled water 
in preparing working dilutions of representative products. The results, 
together with the pH values obtained on the solutions immediately following 
the germicidal tests, appear in Table II. 

TABLE II 


Germicidal potency of various sanitizing agents against S. aureus, at 20° C. as 

INFLUENCED BY pH 


Product 

Cone., p.p.m. 

Buffer 

solution 

pH 

Actual pH 

Period of exposure, 
sec., required for 
99.9% destruction 

Roccal 

200 

6 

6.24 

i 11 

5 


100 


6.20 

5 


100 


9.86 

5 


50 



20 


25 


9.90 

20 

Emulsept 

200 

6 

6.20 

20 

100 


6.19 

20 


100 


9.90 

10 


50 


9.90 

20 


25 


9.90 

40 

Klenzade X4 

100 

6 

7.26 

1 


50 


6.82 

1 


25 


6.48 

5 


400 

10 

10.49 

5 


200 


10.15 

5 


100 


9.98 

40 


While adjustment to a more alkaline level had little or no effect on the 
germicidal speed of Roccal and Emulsept, that obtained from the adjustment 
of Klenzade X4 to a less alkaline reaction was quite striking. Here a 25 p.p.m. 
concentration prepared from a pH 6 buffer solution showed fewer surviving 
organisms after a one second exposure than did 400 p.p.m. prepared from a 
pH 10 buffer solution. Comparisons with the results in Table I also show 
the greater activity of Klenzade X4 solutions prepared from the pH 10 buffer 
solution compared with tho.se prepared without any adjustment of pH. 

* The pH 6 buffer was composed of potassium acid phthalateand sodium phosphate; the pH 10 
buffer of sodium tetraborate and sodium carbonate. 
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At both pH levels Emulsept killed more slowly than Roccal, suggesting 
that the difference noted must be due to some factor other than the hydrogen 
ion concentration. 

The Influence of Temperature Upon the Germicidal Speed 

With hypochlorites, germicidal efficiency is significantly increased as the 
temperature of the solution is raised (4, 5, 18, 30, 32). In the sanitizing of 
egg breaking equipment, as well as of larger items of equipment in the food 
and dairy industries, it is frequently feasible to use warm or hot solutions of 
germicide. To determine the effect of higher temperatures in increasing the 
activity of both quaternary ammonium and hypochlorite solutions, a further 
series of tests was conducted at 45° (\, this being the highest temperature 
found to be borne comfortably by the workers’ hands. 

The results (lower half of Table I) show a slight but distinct increase in 
germicidal speed of quaternary ammonium compounds when their tem¬ 
perature was raised from 20° to 45° C. This increase, however, was insig¬ 
nificant compared with that shown by the two hypochlorite products; with 
them, the germicidal efficiency was strikingly enhanced, so that 100 p.p.m. 
at 45° (\ was considerably more effective than 400 p.p.m. at 20° (\ 

SERIES II. Micrococcus candidus 

In view of current interest in thermoduric bacteria in market milk, a culture 
of a micrococcus (later identified as M. candidus) that had resisted laboratory 
pasteurization was obtained from Mr. A. Moldavan of the Guaranteed Pure 
Milk Company, Montreal. Using standard agar (1) four sets of tests were 
run with this organism at 20° (\, the average of the results from three of 
which appear in Table III. 

In the first set, the hypochlorites appeared to have a slight advantage in 
speed. However, when the second run was made some four weeks later, they 
appeared distinctly slower. Two further runs were made, in each of which 
the results favoured the quaternary compounds. No reason for this dis¬ 
crepancy could be discovered. 

A single run was made at 45° C. The results (Table III) again indicate 
that higher temperatures enhance the efficiency of hypochlorites to a much 
greater extent than they do that of the quaternary compounds. 

SERIES III. Bacillus panis 

Since considerable importance is attached to the presence of spore-forming 
organisms in certain branches of the food industry, a strain of B. panis , 
isolated from ropy bread, was included in these studies. 

In the first set of tests, to obtain spore forms the growth on 10-day-old 
cultures was washed off, standardized, rapidly heated to boiling in a water- 
bath to destroy vegetative forms, and again cooled before being used. In 
the second set, where vegetative organisms only were desired, poured plates 
received a surface inoculation from material picked from the margins of day- 
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old colonies; the plates were incubated at 32° C. for 17 hr., the growth sus¬ 
pended, and standardized. After preparing the skim-milk dilutions for the 
test run, the remainder of the suspension was momentarily heated to boiling. 
Subsequent plating showed it to have contained approximately three spores 
per million vegetative cells. 

TABLE III 

Exposure periods (seconds) required to destroy 99.9% of 
M. candidus, at 20° and 45° C. 


Compound 


Concentration of active ingredient, p.p.m. 


200 


100 


50 


20° C. (average of three runs) 


Roccal 

5 

5 

10 

R-2-L 

5 

5 

10 

Hyamine 1622 

5 

5 

13 

Emulsept 

7 

10 

20 

Dalglish 

>20 

>20 

>20 

Klenzade X4 

>20 

>20 

>20 


45° C. 


Roccal 

5 

5 

5 

R-2-L 

5 

5 

5 

Hyamine 1622 

5 

5 

5 

Emulsept 

5 

10 

10 

Dalglish 

5 

5 

5 

Klen/acle X4 

5 

10 

10 


Owing to the spreading nature of the colonies, counting of plates was rather 
difficult. In an endeavour to improve the situation in the test run with the 
vegetative cells, the agar content of the medium (1) was raised to 2.5%. 
While this proved helpful, counting was still more difficult than with the other 
organisms studied. 

The results of the two tests with spore suspensions of B. panis (Table IV) 
suggest that three of the quaternary ammonium compounds were decidedly 
more effective against spores than were the hypochlorites. However, the 
more favourable showing of the quaternary ammonium compounds may be 
partly due to the inhibitory influence of the higher concentrations of germicide 
adhering to the slide even after the slide had received a dip rinse. This w ill 
be discussed in a later section. 

The single test carried out against the vegetative cells of B. panis (Table IV) 
revealed an entirely different picture. Here the superiority shown by the 
quaternary compounds against the spore forms is no longer evident. Both 
hypochlorites showed far greater activity against the vegetative cells than 
against the spores. 
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TABLE IV 

Exposure periods (seconds) required to destroy 99.9% of spores and of vegetative 

cells of B. partis , at 20° C 


Compound 

Concentration of active ingredient, p.p.m. 

1000 

400 

200 

100 

50 


Spores (average of two runs) 


Roccal 

3 

15 

>20 

: 


R-2-L 

1 

10 

>20 



Hyaminc 1622 

1 

>20 

>20 



Emulsept 

15 

>20 

>20 



Dalglish 

>20 

>20 

>20 



Klen/ade X4 

>20 

>20 

>20 




Vegetative cells 








Roccal 



5 

5 

5 

R-2-L 



5 

>20 

20 

Hyamine 1622 



1 

5 

5 

Emulsept 



5 

5 

10 

1 )alglish 


1 

1 

5 


Klenzade X4 


5 

5 

5 



SERIES IV. Lactic Acid Streptococci 

The importance of the lactic acid streptococci in the dairying industry 
suggested the desirability of including them in these studies. To this end, 
a cheese starter (No. 43) currently in use at the Central Experimental Farm 
Dairy was selected. This starter comprises a variety of strains of lactic acid 
streptococci and aroma-producing organisms, and is fairly representative of 
the types of organisms that might be encountered in shipping cans in which 
whey had been returned from the factory. In order to preserve the quantita¬ 
tive relation between the various strains in the starter, it was deemed best to 
use a milk culture of starter, incubated at 21° (\ for 22 hr., to inoculate the 
skim-milk diluent, rather than culturing on laboratory media and stand¬ 
ardizing the suspension in the usual manner. On the basis of preliminary 
trials, the starter was diluted with sterile skim-milk to give a plate count of 
approximately 200,000,000 per ml. Since the majority of the organisms 
formed chains of varying length, the number of cells present was actually far 
in excess of that indicated by the plate count. Plates were poured with 
Bacto whey agar with the addition of 1.0% yeast extract, and incubated at 
32° C. for 72 hr. 

The results from the first run showed a surprising lack of resistance to 
both types of germicide. For the second run, therefore, the concentrations 
of germicides were cut in half. Although all six products were very effective, 
the hypochlorites had some advantage at all three concentrations tested 
(Table V). 
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SERIES V. Escherichia coli 

In view of the widespread use of the coliform test as a check on the ade¬ 
quacy of sanitizing procedure in milk pasteurization plants, studies with this 
organism seemed particularly appropriate. Difco Violet Red Bile Agar was 
used as the plating medium, and counts were made after 20 hr. incubation 
at 37° C. 

TABLE V 

Exposlrl muons (siconds) required to destroy 99 9% of 

CfirrSE S1\R1I R ORGANISMS AT 20° C. (AVERAGE OI- TWO RUNS) 


Concentration of active ingredient, p.p.m. 


Compound 

100 

50 

25 

Roccal 

5 

5 

10 

R-2-L 

3 

5 

10 

H\ amine 1622 

3 

8 

20 

Emulsept 

3 

8 

10 

Dalglish 

1 

1 

5 

Klen/ade X4 

1 

5 

5 


The data in Tabic VI indicate that the quaternary ammonium compounds 
were less effective here than they were against S. aureus. This is in contrast 
to the hypochlorites, Y\hich are generally most active against Gram-negative 
organisms (IS, 16, 19). 

TABLE VI 

Exposure pi riods (seconds) riqiired to destroy 99 9% of E. colt, at 20° and 45° C. 


Concentration of active ingredient, p pan. 


Compound 

20° C (average of two r 

400 

tins ) 

200 

100 

50 

25 

Roccal 


15 

20 

>20 


R-2-L 


10 

>20 

>20 


Hvamine 1622 


>20 

>20 

>20 


Emulsept 


15 

>20 

>20 


Dalglish 

1 

1 

3 



Klen/ade X4 

1 

1 

3 



45° C. 






Roccal 



5 

5 

>20 

R-2-L 



5 

10 

10 

Hyarnine 1622 



5 

20 

>20 

Emulsept 



5 

10 

>20 

Dalglish 

i 

I 


1 

1 

5 

Klen/ade X4 



1 

5 

5 
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The Influence of pH upon Germicidal Speed 
As with S. aureus, a series of tests was carried out on representative products 
diluted to working concentration with buffer solutions. The results (Table 
VII) again showed only a very slight stepping-up of potency of the quaternary 

TABLE VII 

Germicidal potency ok various sanitizing agents against E. coli at 20° C. as inih knced 

ry pH 


Product 

Concentration, 

p.p.m. 

Buffer 

solution 

pH 

Actual pH 

Period of exposure 
(sec.) required for 
99.9% destruction 

Roccal 

, 

200 

6 

6.18 

10 


•100 


6.11 

20 


100 

10 

9.25 

10 


50 


10.00 

>20 

R-2-L 

200 

6 

6.35 

10 


100 


6.35 

20 


300 

10 

10.25 

10 


50 


10.25 

20 

Emulsept 

200 

6 

6.00 

>20 


100 


6.01 

>20 


100 

10 

9.96 

20 


50 


9.99 

>20 

Klen/ade X4 

50 

6 

6.72 

1 


25 


6.40 

5 


10 


6.25 

5 


200 

10 

10.30 

1 


100 


10.11 

1 


50 


10.01 

5 


N.B. 99.9% destruction leaves 27 colonies. 


compounds through the upward adjustment of pH. The activity of the 
hypochlorite (Klenzade X4) was greater at a lower pH value, but the effect 
was less than that noted with S. aureus (Table I). 

The Influence of Temperature on Germicidal Speed 
A single run made at 45° C. (Table VI) showed a slightly greater increase 
in effectiveness of the quaternary compounds than was noted with 5. aureus . 
These compounds were, however, invariably much less effective than were 
the hypochlorites at the higher temperature, although the acceleration of 
germicidal speed of the hypochlorites was less marked than with S. aureus . 
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SERIES VI. Pseudomonas aeruginosa 

In view of the marked resistance displayed by this organism toward various 
antibiotics, it was included as one of the test organisms. Plates were poured 
with tryptone glucose skim-milk agar (1) and incubated at 20° to 25° C. 
for 48 hr. 

The data in Table VIII indicate that P. aeruginosa showed slightly less 
resistance than E. coli to the quaternary ammonium compounds, but some¬ 
what more to the hypochlorites. Against both organisms the hypochlorites 
were the more effective sterilizing agents. 

TABLE VIII 

Exposure periods (seconds) required to destroy 99.9% of P . aeruginosa , 

at 20° C. 

(Average of two runs) 



Concentration of active ingredient, 

p.p.m. 

Compound 




400 

200 

100 

50 


Roccal 


5 

10 

>20 

R-2-L 


5 

15 

>20 

Hyamine 1622 


7.5 

>20 

>20 

Emulsept 


7.5 

10 

20 

Dalglish 

1 

1 

5 


Klenzade X4 

1 

5 

5 



Bacteriostatic Action of Quaternary Compounds 

When these studies were nearing completion, our attention was directed 
to the recent report by Klarmann and Wright (21). In a modification of 
the F.D.A. technique for determining the phenol coefficient of quaternary 
ammonium compounds, these workers used sterile glass strips 10 by 38 mm., 
which were placed in the 'medication tubes’. After 10 min. exposure of the 
test organism, the glass strip was withdrawn and plated. Where the glass 
strip had been immersed in a 333 p.p.m. solution of a quaternary compound, 
a definite area of inhibition of growth of 5. aureus could be seen (Fig. 3 in 
their paper). This led us to re-examine our data to discover whether such 
bacteriostatic action might be influencing our results. 

In the tests with spores of B. panis , it was noted that on the plates poured 
on slides treated with 1000 and 400 p.p.m. solutions of the quaternary com¬ 
pounds, no colonies appeared on or adjacent to the slide itself, while with the 
hypochlorites, the majority of the colonies were on or near the slide. A 
similar paucity of colonies on the slide itself where the higher concentrations 
of quaternary compounds were used had been noted earlier with S. aureus. 
(This effect is illustrated by Fig. 1, in which Roccal and Dalglish are com¬ 
pared against M . candidus.) The plates from slides treated with 200 p.p.m. 
of the quaternary compounds showed some colonies on or near the slides. 
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That definite bacteriostasis was occurring with the higher concentrations of 
the quaternary compounds was confirmed by various methods, including the 
plating of sterile slides dipped directly into the quaternary solution, then 
subjected to rinsing treatments varying from a quick dip to 20 sec. in length. 
The plates were poured with agar medium heavily seeded with the test 
organism. These tests showed some growth inhibition with all three Gram¬ 
positive organisms tested ( S . aureus, B. pants , and M. candidus) while the 
Gram-negative organisms ( E. coli and P. aeruginosa) failed to show any such 
effect. The results from the most comprehensive series of tests are shown in 
Table IX. The control (unrinsed) slides showed marked inhibition of growth 
with concentrations of Roccal from 1000 to 100 p.p.m. inclusive; with the 
dip rinse, this was confined to the 1000 and 400 p.p.m. concentrations, while 
with the 20 sec. rinse the inhibition was almost negligible. In Sections D , 
E, and F, an anionic compound, Fisher's Laboratory Aerosol, at 10 p.p.m. 
was substituted for tap water, the intention being to neutralize the effect of 
the cationic quaternary compound adhering to the slide. The results, how¬ 
ever, show little evidence of such neutralization. Similar results were obtained 
in another set of tests in which another anionic compound, Nacconal FSNO, 
was also included. 

TABLE IX 

Degree of inhibition by roccal. Seeded culture S. aureus 


Treatment of slide (sterile) after 
dipping in Roccal 

Roccal, p.p.m. 

1000 

400 

200 

100 

50 

Degree of inhibition (4-4* 4-4-complete) 

A. Dip rinse, tap water 

+ + + + 

+ + 4“ 

+ 

+ 

O 

B. 5 sec. rinse, tap water 

+ 

Slight 

+ 

Very slight 

Very slight 

C. 20 sec. rinse, tap water 

Very slight 

Very slight 

Slight 

O 

O 

D. Dip rinse; Aerosol, 10 p.p.m. 

+ + + + 

4-4- 

4" 

4- 

Slight 

E. 5 sec. rinse; Aerosol, 10 p.p.m. 

< + 

+ 

Very slight 

<4- 

Very slight 

F. 20 sec. rinse; Aerosol, 10 p.p.m. 

< + 

<4- 

Slight 

4- 

Very slight 

G. No rinse, control 

4-4-4* 4- 

+ + + + 

-M- 

4-4- 

Slight 


To determine whether the clear zones represented inhibition or actual 
killing, a bent needle was touched to areas where growth was abundant, then 
to clear areas. After overnight incubation at 37° C., the inoculated areas 
were again touched with the bent needle and transfers made to oval tube slants 
of tryptone glucose agar (28). These were again observed for growth after 
overnight incubation. Of 155 ‘fishings', 97 showed no growth on subculturing; 
where growth did occur; the site of the original ‘spotting' was approaching the 
area of visible growth. As a further check, the bent needle was touched 
directly to the medium in the clear zones, then to oval tube slants. Growth 
took place in only 19 of 117 such ‘fishings'. It would appear, therefore, that 
in addition to inhibition, there is actual killing of bacteria by the small 
amount of quaternary compound carried over on the slide. While this com- 
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plicates the precise evaluation of the germicidal efficiency of these compounds 
in the higher concentrations, from the practical standpoint it must be regarded 
as a distinct advantage, particularly where the period of contact with the 
germicide is short, as in the case of farm sanitization of dairy utensils. 

An unexpected phenomenon was encountered when the tests reported in 
Table IX were repeated, substituting slides previously dipped in sterile 
diluted skim-milk for plain slides. It was expected that the film of organic 
matter would tend to lower both bactericidal and bacteriostatic effectiveness 
of the quaternary compounds. Instead, the zones of inhibition were appre¬ 
ciably larger than those where plain slides were used (Fig. 2). This may be 
due to greater adsorption and retention of Roccal by the film of milk solids. 
Further studies on this phase are being carried out. 

The bulk of our studies on bacteriostasis were carried out with Roccal. 
However, the other three quaternary products have all shown a similar effect 
in varying degree, as illustrated in Fig. 3, where M. candidns was the test 
organism. Here are shown plates of slides that received a one-second treat¬ 
ment with each of the four quaternary compounds in concentrations of 200 
and 100 p.p.m. respectively. Each slide received a momentary dip in tap 
water before being placed in the Petri dish. The order of decreasing bac¬ 
teriostasis, Roccal >R-2-L>Hyamine 1622 >Emulsept, has been noted in 
several of the regular experimental runs, the first two being definitely more 
inhibitory than the last two. Neither of the two hypochlorites showed any 
sign of bacteriostasis in concentrations up to 1000 p.p.m. 

Discussion 

With the exception of the plant studies reported by Scales and Kemp (32), 
Jamieson and Chen (14), and Krug and Marshall (23), most attempts to 
evaluate the germicidal efficiency of surface-active compounds have been by 
means of the F.D.A. technique for the determination of the phenol coefficient, 
of some modification thereof. The difficulty of obtaining consistent results 
with the F.D.A. technique in the testing of chlorine compounds (19) has been 
similarly reported for quaternary ammonium compounds by various workers 
(21, 29, 34). Aside from this, major objections to the phenol coefficient tech¬ 
nique are that (a) it only indicates complete destruction of the test organisms, 


Fig. 1 . Illustrating relative scarcity of colonies on or near slide treated with Roccal 100 
p.p.m for five seconds (left-hand side), compared with one treated with Dalglish ZOO p.p.m. 
20 sec, (right-hand side). (M. Candidas, test organism.) 


Pig. 2. Illustrating inhibitory effect of Roccal 100 p.p.m. carried over on glass slide (S. 
aureus, test organism). Top pair, no rinse after treatment; centre pair, dip rinse; bottom 
pair, five second rinse. Plain slides on left-hand side; slides dipped in sterile 10% skim-milk 
on right-hand side. 

Fig. 3. Comparative bacteriostatic effect of four quaternary compounds. One second 
exposure, M. Candidas. (A) Roccal , (B) R-2-L, (C) Hyamine 1622 , (D) Emulsept. 
Left-hand s*de = 100 p.p.m. Right-hand side *=* 200 p.p.m. 










I'late 11 
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telling nothing about the proportion of the organisms surviving after shorter 
periods of exposure; (5) it measures the killing effect of germicides where the 
test organisms are freely suspended in the solution of germicide, rather than 
in a film on a surface; and (r) it is based upon the determination of the con¬ 
centration of germicide required to give complete killing in 10 min., but not 
in 5, rather than the measurement of the effectiveness of the germicide in the 
concentrations used in practice (19, 26). It was largely to avoid these objec¬ 
tions that the glass slide technique was devised. In this technique, the 
organisms are present in a partially dried film of skim-milk, thus simulating 
conditions encountered in the sanitizing of food handling utensils and equip¬ 
ment. The proportion of skim-milk is of course far in excess of that that 
would be encountered on well washed equipment, but occasionally slip-ups 
do occur, and it is well to have the test method cover the most extreme con¬ 
ditions likely to be encountered. 

In addition to approximating more closely the conditions under which 
bacteria have to be destroyed in plant sanitizing procedures, the glass slide 
method has other advantages. It possesses great flexibility in that the 
temperature, period of exposure, test organism, plating medium, concen¬ 
tration of germicide, etc., may all be varied to suit the requirements of the 
investigator. As to reproducibility of results, far less variability can be 
expected than with tests of the phenol coefficient type. A final point is that 
through gentle agitation of the slide during the period of contact with the 
germicide, any superiority of detergent action of a given product has an 
opportunity to exert itself, and, by mechanical removal of the film and its 
accompanying bacteria, reduce the number of organisms remaining on the 
slide. 

The bacteriostatic influence of the small quantity of quaternary compound 
carried over on the slide after rinsing in tap water is not believed to have 
influenced the comparisons between these products and hypochlorites signi¬ 
ficantly. While with strong solutions the effect is quite evident on a crowded 
plate, with the usual concentrations it is practically unnoticeable when the 
number of colonies approaches the 99.9% end-point. From a practical 
standpoint, this continuing effect may be regarded as an advantage, as steriliz¬ 
ation of metal surfaces of utensils and equipment would continue for some 
time in the residual film of solution. In view of the findings of Yalko and 
DuBois (35) and others, the failure of attempts to neutralize this bacterio¬ 
static action by rinsing in solutions of anionic compounds was .surprising. 
Possibly orientation of the adsorbed molecules of quaternary compounds 
leaves the actively germicidal groups in contact with the milk film, so that 
the anionic molecules cannot react with them. 

These studies indicate that it is unsafe to generalize concerning the relative 
values of quaternary compounds and hypochlorites in the sanitizing of food 
plant equipment. Much depends upon the type of organism most likely 
to be prevalent. As was shown to be the case with chlorine sterilizing agents 
(19, 20), some quaternary products are more effective than others. An im- 
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portant point in plant operations is that hypochlorites respond much more 
readily to favourable adjustments of pH and temperature than do the quater¬ 
nary compounds tested. 

Despite their greater stability, non-corrosiveness and other desirable 
features, their higher cost makes it unlikely that quaternary compounds will 
immediately replace hypochlorites in most phases of plant sanitation. There 
are, however, certain special fields in which they may excel. One is in the 
sanitizing of egg breaking sets; the emollient effect of the quaternary solution 
contrasts with the irritating effect of hypochlorites on the skin, hence breakers 
or kitchen help are much less averse to putting their hands into the sanitizing 
solution when treating washed breaking sets. There is the further point that 
certain of these quaternary compounds leave on the hands a resistant invisible 
film that retains bacteria beneath it (27). Another is in the treatment of 
milk shipping cans; whether cans are washed by hand or by machine, a small 
percentage of a suitable quaternary compound in the final rinse would help 
prevent growth of bacteria in remaining traces of moisture, while reducing 
the corrosion that generally follows the use of the more active hypochlorites 
for such a purpose. Similarly, in the treatment of beverage glasses, dishes, 
and silverware, the quaternary compounds leave less odour and are easier 
on the skin, while their lower sensitivity to added organic matter maintains 
the germicidal potency longer than is the case with hypochlorites. 

The greater effectiveness of the quaternary compounds against spores of 
B. panis is of interest in that Scales and Kemp (33) reported that Roccal was 
ineffective against spores of B. subtilis. On the other hand, Green and Birke- 
land (11) found cetylpyridinium chloride effective against spores of B. subtilis 
and other aerobic and anaerobic species, and Heineman (12) reported destruc¬ 
tion of spores of B. subtilis in less than five minutes by 2,000 p.p.rn. of Roccal. 
The ineffectiveness of the chlorine compounds is in line with previous findings 

( 15 ). 
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THE EFFECT OF WEATHERING ON VARIOUS ROTPROOFING 
TREATMENTS APPLIED TO COTTON TENTAGE DUCK 1 

By C. H. Bayley 2 and Muriel W. Weatherburn 2 

Abstract 

Cotton tentage iluck treated with ferric oxide-chromic oxide ('mineral khaki’), 
copper carbonate-ferric oxidi* (‘copper-iron’), cupramnionium, cutch-cupram- 
monium, copper 8-quinolinate, copper glyoxiine, 2,2'-dihy(lro\y-5,5'-clichloro- 
diphenylmethane, zinc dimethvldithiocarbamate, copper naphthenate, copper 
hydroxynaphthenate, zinc naphthenate, and mercuric naphthenate, showed 
varying degrees of breaking strength loss when subjected to outdoor weathering 
during the summer months. The losses w’ere in no case greater than that of the 
untreated fabric, and certain treatments, such as mineral khaki and cutch- 
cuprummonium, gave considerable protection against loss in breaking strength. 

With copper naphthenate, copper hydroxynaphthenate, and mercuric naph¬ 
thenate the degree of chemical degradation as measured by cupramnionium 
fluidity was somewhat greater than that of the untreated fabric. The presence 
of a waterproofing treatment consisting of a mixture of petroleum-base waxes 
in addition to the rotprooting treatments usually resulted in increased breaking 
strength loss. The water resistance of the waxed samples showed a slight to 
pronounced increase on weathering. In general there was considerable loss of 
rotproofer as a result of weathering; with the copper compounds this loss w r as of 
the order of 37 to 90%, but was reduced to 6 to 44% by the presence of wax. 
Weathering produced an almost complete loss of the two zinc compounds, 2,2'- 
dihydroxy-5,5'-dichlorodiphenyImethane, and mercuric naphthenate. Losses of 
metal from chromium-iron proofings were negligible even in the absence of wax 
proofing. The degree of rot resistance as judged by soil burial was greatest in 
the fabrics treated w ith copper, and was increased by the presence of wax. The 
water resistance of samples subjected to soil burial was frequently decreased 
before the occurrence of any marked loss in breaking strength; this indicates 
microbiological attack on the wax coating prior to attack on the cotton fabric. 


The weathering characteristics of chemical substances used for the purpose 
of imparting resistance to microbiological attack in cotton textiles for outdoor 
use are of considerable importance. In addition to the obvious disadvantages 
of those compounds possessing an appreciable solubility in water or poor 
stability to sunlight, it is undesirable for the compound to catalyze the actinic 
degradation of the fabric. 

It has been reported that impregnation of cotton fabrics with certain com¬ 
pounds vsuch as chromic oxide (9, 10, 16) or certain copper-tannin complexes (1) 
results in increased resistance to actinic degradation. Hayes (13) states that 
the fastness to light and weather conditions of the chromic oxide-ferric oxide 
treatment known as ‘mineral khaki’ was not excelled by any other treatment. 
The action of waterproofing waxes on the chemical degradation of cotton 
yarns (14) and canvas (IS) has been studied by Jarrell and Holman, who found 
that the presence of such waxes in cotton yarns subjected to weathering did 
not result in increased actinic degradation while with cotton duck, especially 
where ‘yellow petrolatum’ was used, there was a marked increase in the extent 

x Manuscript received July 26, 1946. 

Contribution from the Division of Chemistry, National Research Laboratories, Ottawa, 
Canada . Issued as N.R.C. No. 1492. This report in abbreviated form was presented to the 
Textile Section, Chemical Institute of Canada, at Toronto, June 25, 1946. 
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of degradation. Jarrell and Holman attribute these differences to the greater 
degree of heating to which the cotton duck was exposed during the weathering 
process. The degradation was markedly reduced by the inclusion of pig¬ 
ments with the wax. It has been shown that the presence of copper soaps 
used as rotproofers in concentrations up to 1% copper did not materially 
increase the extent of actinic breakdown occurring in cotton tarpaulin duck (4) 
and in various types of cordage fibres (3). It was also found (4) that the 
presence of a wax-pigment-filler type of compound in conjunction with the 
copper rotproofer resulted in decreased breaking strength and metal losses on 
weathering. 

In the present study the weathering characteristics of a number of rot¬ 
proofers applied to cotton tentage duck, with and without waterproofing wax, 
have been studied. The extent of the degradation produced by weathering 
was judged by the extent of breaking strength loss and increase in cupram- 
monium fluidity, while the loss in rotproofing efficacy was determined by 
means of the standard soil burial technique. Measurements of changes in 
water resistance and loss of rotproofer resulting from weathering were also 
carried out. 

Materials Used 

The fabric used was an unbleached cotton army duck weighing 10 oz. per 
sq. yd. and having 46 three-ply yarns per inch in the warp and 37 two-ply 
yarns per inch in the weft. With the exception of the 8-hydroxyquinoline 
and dimethylglyoxime, all the chemicals used were of technical (commercial) 
grade. 

Details of Treatments 

The concentrations of treating compounds applied to the fabric werfe 
chosen on the basis of previous experience or of recommendations received 
from other investigators. With few exceptions, as indicated, the treatments 
were applied in the laboratory, mostly by aqueous procedures. With copper, 
zinc, and mercuric naphthenates, the treatments were applied from solution 
in Stoddard solvent (dry cleaners’ naphtha) as previously described (2). The 
copper naphthenate treated fabric was of a pale blue-greeri colour, the others 
colourless. 

A number of 12 in. (warpwise) by 18 in. (weftwdse) specimens were cut 
from a single bolt of fabric and, of these, four were selected at random for 
each treatment. Two of these specimens were subjected to weathering, the 
other two being tested as indicated below without previous weathering. The 
two weathered specimens were each subdivided into four subspecimens, each 
of which was sufficient to provide five 1-in. wide ravelled warp strips for 
breaking strength determinations. Breaking strength determinations were 
run on the first subspecimen from each of the two weathered specimens (two 
replicates of five breaks each), on the second pair of subspecimens after burial 
for two weeks, on the third after burial for four weeks, the fourth subspecimen 
being held in reserve. The two unweathered specimens were also divided 
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into four subspecimens as above, and breaking strength determinations carried 
out on the first subspecimen from each of the two specimens after leaching 
(original breaking strength), on the second pair of subspecimens after burial 
for two weeks without leaching, on the third after leaching and burial for two 
weeks, and on the fourth after leaching and burial for four weeks. 

In the aqueous treatments the four 12 in. by 18in. specimens for each treat¬ 
ment were sewn together along the 12 in. edge to form a strip, passed through 
the motor-driven rubber-covered rolls of a laboratory padder, which could be 
operated at a speed of 20 ft. per min., and the free ends of the strip connected 
through a 'runner* of fabric to form a continuous loop approximately 6 ft. in 
circumference. The runner was passed beneath a brass roll and the latter 
lowered into the treating solution (10 litres) contained in an enamelled pan 
that could be heated when necessary, and the loop of fabric run through the 
bath. At the conclusion of the treatment, unless otherwise indicated, the 
fabric was washed for two hours in running tap water and dried at room 
temperature. In all the aqueous treatments the loop of fabric was previously 
wetted out by passage through a solution of a wetting agent (a 0.1% solution 
of technical sodium lauryl sulphate in the form of Gardinol \VA was used). 

A duplicate series of treated samples was also prepared containing a water¬ 
proofing wax coating consisting of a mixture of paraffin wax* and petrolatum 
No. 2** having the following characteristics: 


— 

Parowax 

Petrolatum No. 2 

Melting point, ASTM, °F. 

122 - 125 

114 - 120 

Say. vise, at 210° F., sec. 

33 - 38 

64 - 71 

Penetration at 77° F., cone 

— 

170 - 220 

Colour 

+ 25+ Say. 

35Y 70R 


(water white) 

2 in. cell 

Oil content, % 

0 5 max. 

About 35 


The paraffin wax and petrolatum were used in a ratio of 3 : 1 by weight, 
and were applied subsequent to the rotproofing treatment from a Stoddard 
solvent bath having a concentration calculated to give approximately 10% 
of wax on the weight of the fabric. When the rotproofer was applied from 
solution in Stoddard solvent, the wax was incorporated in the solution con¬ 
taining the rotproofer. 

The details of the aqueous treatments are given below. The weight of 
chemicals shown refers to the amount added to 10 litres of distilled water; 
the temperatures of the treatments and the length of time during which the 
loop of fabric was run through the treating bath are also shown. 

* 1 Parowox* (refined paraffin wax), Imperial Oil Ltd. 

** 'Petrolatum No. 2' Imperial Oil Co. 
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(1) Chromium-iron ('Mineral Khaki' ) 

Bath (1)—1200 gm. chromic sulphate (Cr2(S0 4 )3 . 5H 2 0) plus 500 gm. 

ferrous sulphate at 70° C. for 15 min. 

Bath (2)—500 gm. sodium hydroxide at room temperature for 30 sec. 
Colour of treated fabric—medium tan. 

In addition to the sample treated as above, a sample of commercially 
processed chromium-iron (‘mineral khaki’) proofed tentage duck* was included 
in this series. In view of the fact that chromium-iron treated fabrics are 
known to show poor rot resistance when exposed to conditions of heavy con¬ 
tamination, e.g., soil contact, it was thought desirable to investigate the 
characteristics of a chromium-iron sample aftertreated with copper naph- 
thenate, a substance that is known to have good resistance to possible deterior¬ 
ation resulting from soil contact. Samples of the commercially processed 
fabric were therefore treated with copper naphthenate applied from a solvent 
bath as previously described (2). 

(2) Copper-iron 

This treatment, involving the impregnation of the fabric with a mixture of 
copper and iron salts followed by passage through a solution of sodium car¬ 
bonate, is based on the finding of Race and co-workers at the University of 
Leeds (19). The concentrations of the treating solutions were adjusted to 
give metal contents on the treated fabric of 0.5 to 1.0% copper oxide and 
0.7 to 1.25% ferric oxide. 

Bath (1)—930 gm. ferric ammonium sulphate (Fe 2 (S0 4 )3(NH 4 ) 2 S0 4 . 
24HoO) plus 990 gm. copper sulphate (CuSOi . 5H 2 0) at 70° C. for 
15 min. 

Bath (2)—500 gm. sodium carbonate (anhydrous) at 50° C. for 10 min. 
Colour of treated fabric—orange tan. 

(3) Cutch-cuprammonium 

The cutch (quebracho) extract used in this treatment was in solid form. 
Bath (1)—200 gm. cutch dispersed in 5 litres of water and added to 100 
gm. of copper sulphate dissolved in 5 litres of water; run at 70° C. 
for 20 min. 

Bath (2)—100 gm. sodium dichromate at 50° C. for 15 min. 

Bath (3)—500 gm. copper sulphate, dissolved in water and ammonium 
hydroxide added until the precipitate was just dissolved; run at 
room temperature for 15 min. 

Colour of treated fabric—chocolate brown. 

(4) Copper Hydroxynaphthenate 

A stock solution of 200 gm. Nuodite Copper 25%f in 250 gm. ammonium 
hydroxide (28% NH 3 ) was diluted with water to give the desired copper 

* Obtained from the Chief Inspector of Stores, Central Ordnance Depot, Didcot, Berks., 
England. 

t Obtained from Nuodex Products of Canada Ltd., Leaside (Toronto), Ont. 
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content on the fabric, and the fabric run through the solution for 20 min. 
at room temperature. 

Colour of treated fabric - a pale blue-green somewhat lighter than that of 
copper naphthenate. 

(5 ) Copper 8-Quinolinate 

This treatment was based on recommendations received from the Monsanto 
Chemical Co. (12). 

Bath (1)- 625 gm. glacial acetic acid mixed with 312 gm. 8-hydroxyquin- 
oline and the mixture added to 10 litres of water. Run at 82° to 
88° C. for 15 min. 

Bath (2)—200 gm. copper acetate (Cu(CoH 3 Oo)oH 2 0) at room temperature 
for 10 min. 

Colour of treated fabric- greenish yellow. 

(6) Copper Glyoxime 

The procedure was a modification of the method of Neish and co-workers 

07 ). 

Bath (1) - 100 gm. dimethylglyoxime at 98° C. for 10 min. 

Bath (2)—100 gm. copper acetate at room temperature for 30 min. 
Colour of treated fabric—yellow green. 

(7 ) 2,2'-Dihydroxy-5 ,5' -dichlorodiphenyl methane 
A commercial preparation of this compound in the form of the product 
G-4* was applied from solution in sodium hydroxide and the free base preci¬ 
pitated in the fabric by treatment with acetic acid. 

Bath (1)—160 gm. G-4 and 28.8 gm. sodium hydroxide at room tem¬ 
perature for 15 min. 

Bath (2)—500 gm. glacial acetic acid at room temperature for 15 min. 
For the treatment at the lower concentration, Bath (1) was diluted 1 : 1 with 
distilled water. Owing to the alkalinity of the Ottawa tap water the rinsing 
of the treated fabric was carried out in distilled water. 

Colour of treated fabric— unchanged. 

(8) Zinc Dimethyldithiocarbamate 

In applying this treatment the fabric was impregnated with a solution of 
commercial sodium dimethyldithiocarbamate** and the zinc compound preci¬ 
pitated by passage through a solution of zinc sulphate. 

Bath (1)—200 gm. sodium dimethyldithiocarbamate solution (stated by 
the manufacturer to have a nitrogen content of 3.29% corresponding 
to approximately 30% active ingredient) at room temperature for 
15 min. 

* Obtained from Givaudan Delawanna Inc., 330 W. 42nd Street, New York. 

** Obtained from Naugatuck Chemicals, Elmira, Ont. 
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Bath (2)—100 gm. zinc sulphate at room temperature for 10 min. 

For the treatment at lower concentration, Bath (1) was diluted 1 : 1 with 
distilled water. 

Colour of treated fabric—unchanged. 

(9) Cuprammonium 

This was a commercially proofed sample*, medium green in colour. 

Methods 

The fabrics were weathered on the eastern end of the roof of the National 
Research Laboratories, Sussex Street, Ottawa, from May 31, 1945, to Sept. 30, 
1945. The samples were fixed to wooden racks that were set at an angle of 
45° facing southwest, care being taken on the one hand to avoid attaching 
the samples to the frames under tension, and on the other to avoid a degree 
of looseness such as would permit undue flapping of the samples in the wind. 
The distance from the roof to the lower edge of the samples was 2\ ft. A 
record of maximum and minimum temperatures during the exposure period 
was kept by means of a thermometer attached to one of the racks. 

Rot resistance was determined by the soil burial method (7), tests being 
run on the original, weathered, and leached samples. Leaching was carried 
out in 1 litre bottles through which tap water at 25° C. flowed at a rate of 
10 litres per hour, the duration of leaching being 24 hr. Breaking strength 
measurements were made by the ravelled strip method on specimens ravelled 
to 1 in. and conditioned at 70° ± 5° E. and 65% relative humidity ± 2%. 
Water resistance was measured by the variable head method (6). Cupram¬ 
monium fluidity measurements were carried out on conditioned samples using 
the method of Clibbens and Little (8). The portions of the waxed samples 
used for fluidity determinations were previously freed of wax by extraction 
with Stoddard solvent. Copper analyses were made by the ignition method 
(5). The preliminary phases of the chromium and iron determinations were 
made by Method 35 C of the analytical methods recommended by the Textile 
Institute of Great Britain (21), the chromium determinations being com¬ 
pleted by Method 37 (a) and the iron determinations by the method of Race 
(18). In the latter method the iron in the hydrochloric acid solution was 
reduced by the addition of a few drops of stannous chloride solution (3% 
solution in 3 N hydrochloric acid). The solution was cooled, 2 ml. saturated 
mercuric chloride solution was added to destroy excess stannous chloride, and 
the solution titrated immediately with iV/10 potassium dichromate using 
barium diphenylamine # />-sulphonate as indicator. Copper and iron when 
present together were determined by the method of Race (18) with a 
slight modification of the procedure for copper—i.e., to the ammoniacal filtrate 
acetic acid was added in slight excess and the solution titrated with thiosul¬ 
phate as in the method for copper alone (5). 

* Obtained from the Willesden Proofing Co . Inc., New York, N.Y. t U.S.A . 
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Zinc in fabrics treated with zinc naphthenate was determined by the hyd¬ 
rolysis method (26) f the acid solution being titrated with ferrous ammonium 
sulphate (25). Zinc dimethyldithiocarbamate was determined by the colori¬ 
metric method (22) involving conversion to the copper compound, mercury 
by the method of Shiraeff (20), and 2,2'-dihydroxy-5,5'-dichIorodiphenyl- 
methane by the method of Gottlieb and Marsh (11). Determinations of the 
pH of the untreated fabric were made according to the method of Wakeham 
and Skau (24). 

Data 

{1) Weather Conditions 

From the weather data in Table I it will be noted that conditions were 
favourable to actinic degradation. Comparison of weather conditions with 
those of the previous summer (4) shows that the average total hours of sun¬ 
shine per month were similar but that the rainfall in the present series was 
markedly greater (4.19 in. per month compared with 2.57 in.). There was 
some evidence of superficial growth of a species of the fungus Alternaria on 
the underside of the untreated fabric. 

TABLE I 

Weather conditions during exposure of samples 


Period 

Mean daily temperature, °F. 

Rainfall, in. 

Bright 
sunshine, 
total hours 

Maximum 

Minimum 

May 31 - June 3 

56 

37 

0 

35.9 

une 4 - June 10 

66 

43 

1.00 

52.0 

une 11 - June 17 

82 

59 

1.17 

48.7 

une 18 - June 24 

79 

57 

0.32 

55.3 

une 25 - July 1 

90 

59 

0.64 

67.7 

’ uly 2 - July 8 

86 

62 

0.10 

76.4 

. uly 9 - July 15 

78 

56 

2.29 

38.1 

/uly 16 - July 22 

82 

58 

0.21 

63.3 

July 23 - July 29 

90 

66 

0.13 

64.3 

July 30 - Aug. 5 

89 

61 

1.10 

59.6 

Aug. 6 - Aug. 12 

93 

58 

0.47 

57.3 

Aug. 13 - Aug. 19 

87 

59 

0.50 

54.6 

Aug. 20 - Aug. 26 

89 

56 

1.91 

51.2 

Aug. 27 - Sept. 2 

82 

58 

1.13 

40.8 

Sept. 3 - Sept. 9 

94 

64 

0.07 

58.5 

Sept. 10 - Sept. 16 

84 

56 

0.79 

39.2 

Sept. 17 - Sept. 23 

62 

45 

3.20 

28.4 

Sept. 24 - Sept. 30 

68 

47 

1.73 

29.0 

Average 

Total 

81 

56 

16.76 

920.3 


(2) Breaking Strength Loss 

Breaking strength data are given in Table II. The breaking strength losses 
of treatments that were applied to fabric cut from the same bolt were subjected 
to statistical analysis. * It became apparent that the effects of the various 
treatments were significantly different in both the waxed and unwaxed samples 



BAYLEY AND WEATHERBURN: EFFECT OF WEATHERING ON ROTPROOFING TREATMENTS 99 


TABLE II 

Effect of weathering and burial on loss of breaking strength 



Original 

Breaking strength loss. % 

Treatment 

breaking 

strength, 

lb. 

Weathered 

Buried 

2 weeks 

Leached 

buried 

2 weeks 

Weathered 

buried 

2 weeks 

Leached 

buried 

4 weeks 

Weathered 

buried 

4 wee kg 


Not waxed 


Untreated 

175 

41.7 

97.8 

100.0 

89.0 

100.0 

100.0 

Chromium-iron 

163 

8.6 

88.4 

94.5 

90.8 

100.0 

100.0 

*Chromium-iron 

•Chromium-iron aftertreated with 

150 

22.0 

64.0 

83.3 

93.3 

100.0 

— 

copper naphthenate 

152 

11.2 

Zero 

11.2 

20.4 

24.3 


Copper-iron 

204 

45.6 

4.9 

2.5 

55.7 

8.8 

94.5 

•Cuprammonium 

139 

38.9 

+7.2 

+11.5 

50.0 

+18.0 

54.8 

Cutch-cuprammonium 

175 

17.7 

5.2 

2.9 

38.2 

1.7 

25.6 

Copper naphthenate 

174 

40.3 

4.0 

12.6 

64.4 

39.1 

100.0 

Copper hydroxynaphthenate 

101 

33.0 

+4.4 

0.6 

62.1 

57.8 

100.0 

Copper 8-quinolinate 

197 

33.0 

+0.5 

1.0 

43.3 

23.4 

47.3 

Copper glyoxime 

162 

27.2 

+9.9 

6.8 

47.6 

1.2 

88.9 

Zinc dimethyldithiocarbamate (A) 

169 

43.8 

+3.0 

12.4 

86.3 

93.0 

100.0 

Zinc dimethyldithiocarbamate (B) 

161 

37.2 

+4.4 

+7.5 

86.3 

34.2 

100.0 

Zinc naphthenate 

177 

38.4 

19.8 

27.1 

82.7 

92.7 

100.0 

Mercury naphthenate 
2 I 2'-Dihydroxy-5,5 # -dichlorodi- 

158 

41.2 

100.0 

100.0 

78.5 

100.0 

100.0 

phenylmethane (A) 
2,2'-Dihydroxy-5.5'-dichlorodi- 

157 

38.2 

+ 10.2 

67.5 

83.4 

100.0 

100.0 

phenylmethane (B) 

164 

45.1 

+9.7 

56.7 

71.9 

100.0 

100.0 


Waxed 


Untreated 

188 

70.8 

99.5 

96.9 

88.2 

100.0 

_ 

Chroinium-iron 

191 

34.5 

67.5 

62.9 

82.1 

100.0 

100.0 

•Chromium-iron 

•Chromium-iron aftertreated with 

163 

28.2 

25.2 

23.9 

57.0 

100.0 

100.0 

copper naphthenate 

163 

22.1 

1.2 

3.7 

23.9 

7.4 

41.7 

Copper-iron 

193 

36.8 

5.7 

20.2 

38.0 

14.0 

41.0 

•Cuprammonium 

167 

62.4 

+3.6 

0.6 

56.4 

0.6 

61.5 

Cutch-cuprammonium 

191 

27.2 

+0.5 

1.5 

31.1 

14.7 

31.1 

Copper naphthenate 

184 

57.1 

9.8 

5.4 

62.5 

13.6 

59.2 

Copper hydroxynaphthenate 

189 

55.0 

16.4 

16.4 

57.2 

41.8 

58.3 

Copper 8-quinolinate 

192 

30.7 

2.1 

1.0 

34.9 

6.3 

34.9 

Copper glyoxime 

192 

53.2 

21.4 

16.7 

54.7 

24.5 

57.2 

Zinc dimethyldithiocarbamate (A) 

196 

66.9 

17.9 

19.9 

85.7 

91.4 

100.0 

Zinc dimethyldithiocarbamate (B) 

194 

67.5 

17.0 

21.6 

79.8 

46.4 

100.0 

Zinc naphthenate 
2,2'-Dihydroxy-5,5'-dichlorodi- 

187 

69.5 

11.2 

19.8 

82.9 

82.4 

100.0 

phenylmcthane (A) 
2,2'-Dihydroxy-5,5 / -diehlorodi- 

184 

65.8 

3.3 

28.2 

79.3 

82.6 

100.0 

phenylmethane (B) 

185 

68.6 

+8.1 

0.5 

75.1 

15.1 

100.0 


* Commercially treated. 

under all conditions of weathering and burial. The necessary difference 
between sample averages of breaking strength loss (10 breaks) for significance 
at the 5% level is approximately 12% for all treatments involving soil burial, 
and approximately 6% for those involving weathering. 
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(a) Weathering Effects 

The colour of the chromium-iron treated fabric was not changed by weather¬ 
ing, all of the other coloured fabrics unwaxed showing some fading. The 
copper-iron and cutch-cuprammonium treatments retained considerable 
brown coloration but the upper surface of the other copper treated fabrics 
was colourless. 

The untreated fabric showed a substantial breaking strength loss and this 
was more pronounced in the presence of wax. The unwaxed samples treated 
with chromium-iron, cutch-cuprammonium, copper hydroxynaphthenate, 
copper 8-quinolinate, and copper glyoxime treatments showed lower breaking 
strength losses than the untreated fabric. The waxed samples, with the same 
treatments and, in addition, copper-iron, cuprammonium, and copper naph- 
thenate, were superior to the waxed untreated sample. In general the breaking 
strength losses of the waxed samples were greater than those of the unwaxed, 
the only exceptions being the commercial chromium-iron, copper-iron, and 
copper 8-quinolinate treated samples. With the unwaxed and waxed com¬ 
mercially treated chromium-iron samples aftertreated with copper naph- 
thenate, it will be noted that the presence of the copper naphthenate did not 
increase the breaking strength loss above that shown by the samples con¬ 
taining chromium-iron alone. 

(b) Burial Effects 

Unwaxed treatments that were completely resistant to soil burial for four 
weeks with preliminary leaching were the copper-iron, cuprammonium, cutch- 
cuprammonium, and copper glyoxime. Treatments that withstood burial for 
two weeks but gave moderate losses after four weeks were chromium-iron + 
copper naphthenate, copper naphthenate, copper hydroxynaphthenate, 
copper 8-quinolinate, and zinc dimethyldithiocarbamate (0.49%). 2,2'-Di- 

hydroxy-5,5'-dichlorodiphenylmethane was resistant to burial for two weeks 
without leaching, but with preliminary leaching the breaking strength losses 
were substantially increased. Zinc naphthenate suffered moderate break¬ 
down on two-week burial and almost complete breakdown after four weeks. 
The chromium-iron and mercury naphthenate treated fabrics showed little 
resistance to soil burial but the commercial chromium-iron fabric aftertreated 
with copper naphthenate was resistant. The addition of wax frequently 
caused a substantial reduction in the breaking strength loss as for example 
in samples containing 2,2'-dihydroxy-5,5'-dichlorodiphenylmethane when 
leached and buried for two and four weeks. 

The losses in breaking strength of all samples subjected to soil burial after 
weathering were substantial although when allowance is made for the losses 
produced by weathering alone the effect attributable to soil burial is not 
excessive in most cases. Thus in the unwaxed fabrics, burial for four weeks 
after weathering produced no additional loss in strength with the cutch- 
cuprammonium, and barely significant losses with the cuprammonium and 
copper 8-quinolinate treated samples. All other unwaxed treated samples 
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showed almost complete breakdown when buried for four weeks after weath¬ 
ering, although burial for two weeks after weathering produced no loss in 
strength additional to that shown on weathering alone with the chromium- 
iron treatment with a copper naphthenate after treatment and copper-iron 
treated samples, and caused only 20 to 30% loss in strength in the copper 
glyoxime, copper naphthenate, and copper hydroxynaphthenate treated 
samples. In the case of the unwaxed samples, with the exception of the 
chromium-iron aftertreated with copper naphthenate, none of the copper 
treatments showed significant increases in breaking strength loss as a result 
of four weeks* burial after weathering, all the other waxed treatments showing 
complete breakdown. 

(3) Loss of Treating Compound 

Data for the loss of the treating compounds as a result of weathering are 
given in Table III. With the treatments containing chromium and iron, it had 


TABLE III 

Loss OF TREATING COMPOUND ON WEATHERING 





Not waxed 


Waxed 


Treatment 

Analysis 

Concentration, 

% 

Loss on 
weathering, 
% of 
orig. 

Concentration, 

% 

Loss on 
weathering, 
% of 
orig. 



Orig. 

Weath. 

Orig. 

Weath. 

Chromium-iron 

Cr 

1.28 

1.26 

1.5 

1.14 

1.20 

+ 5.3 


Fe 

0.70 

0.60 

14.3 

0.60 

0.68 

+13.3 

•Chromium-iron 

Cr 

0.80 

0.85 

+ 6.2 

0.75 

0.85 

+13.3 


Fe 

0.77 

0.64 

18.6 

0.76 

0.58 

23.7 

•Chromium-iron aftertreated with 

Cr 

0.75 

0.79 

+ 5.3 

0.82 

0.77 

6.1 

copper naphthenate 

Fe 

0.77 

0.70 

9.1 

0.76 

0.78 

+ 2.6 


Cu 

0.19 

0.12 

36.8 

0.16 

0.14 

12 5 

Copper-iron 

Cu 

0.65 

0.07 

89.1 

0.50 

0.54 

+ 8.0 


Fe 

0.70 

0.66 

5.7 

0.70 

0.78 

+11.4 

•Cuprammonium 

Cu 

1.41 

0.72 

49.0 

1.40 

1.11 

20.7 

Cutch-cuprammonium 

Cu 

1 85 

0.53 

71.5 

1.46 

1.21 

17.1 

Copper naphthenate 

Cu | 

0.33 

0.08 

75.7 

0.31 

0.18 

41.9 

Copper hydroxvnaphthenate 

Cu 

0.34 

0.07 

70.6 

0.34 

0.22 

35.3 

Copper 8-quinolinate 

Cu 

0.80 

0.15 

81.3 

0.72 

0.68 

5.6 

Copper glyoxime 

Cu 

0.49 

0.10 

79.6 

0.48 

0.27 

43.8 

Zinc dimethyldithiocarbamate (A) 

Total 

compound 

0.29 

0.00 

100.0 

0.20 

0.02 

90.0 

Zinc dimethyldithiocarbamate ( B) 

Total 

compound 

0.49 

0.04 

91.9 

0.45 

0.05 

88.8 

Zinc naphthenate 

Zn 

0.79 

0.00 

100.0 

0.88 

0.00 

100.0 

Mercury naphthenate 

Hg 

0.01 

0.00 

100.0 

— 

— 

— 

2,2'-Dihydroxy-5,5'-dichlorodi- 
phenylmethane ( A ) 

Total 

compound 

0.55 

0.02 

96.3 

0.48 

0.01 

98.0 

2,2'-Dihydroxy-5,5'-dichlorodi- 
phenylmcthane (/J) 

Total 

compound 

1.00 

0.13 

87.0 

0.91 

0 07 

91.2 


Commercially treated. 
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been noted that the distribution of these elements in the treated fabric was 
not as uniform as would have been expected, and this undoubtedly accounts 
for the apparent increase in the content of these elements noted in some of 
the weathered samples. The data are sufficient to indicate that there is no 
substantial loss of either chromium or iron during weathering. The copper con¬ 
centration of all copper treatments was reduced substantially by weathering. 
In the unwaxed treatments there was less copper lost from the chromium—iron 
aftertreated with copper naphthenate treatment than from any of the other 
copper treatments. This effect is being studied further. The presence of 
wax reduced the loss of copper, there being practically no loss from the waxed 
copper-iron and copper 8-quinolinate treatments, and only moderate losses 
with the other copper treatments. In the latter group the percentage loss of 
copper from the cuprammonium and cutch-cuprammonium treatments was 
lower than that from copper naphthenate, copper hydroxynaph then ate, and 
copper glyoxime. It should, however, be borne in mind that these original 
concentrations of copper in the cuprammonium and cutch-cuprammonium 
treatments were higher than in the other copper treatments. The other 
treating compounds, namely zinc dimethyldithiocarbamate, zinc naphthenate, 
mercury naphthenate, and 2,2'-dihydroxy-5,5'-dichlorodiphenylmethane were 
removed either completely or almost completely by weathering. 

(4) Water Resistance 

Comparison of the laboratory samples to which wax was applied from a 
solution in Stoddard solvent in a separate operation after the rotproofing 
treatment shows that the original water resistance of the treated fabrics was 
somewhat higher than that of the untreated fabric containing wax alone 
(Table IV), although, on weathering, the water resistance of the untreated 
waxed sample was increased. For all treatments except the chromium-iron, 
in which the water resistance decreased slightly on weathering, the water 
resistance was increased on weathering. For samples that had been leached 
and buried for four weeks the water resistance of the cuprammonium, copper 
8-quinolinate, and 2,2'-dihydroxy-5,5'-dichlorodiphenylmethane (0.91%) was 
approximately the same as, or greater than, the original value, the resistance 
of the other treatments being substantially reduced. 

(5) Cuprammonium Fluidity 

The cuprammonium fluidity data are given in Table V. It is apparent that 
the fluidity of the original cutch-cuprammonium treated fabric is slightly 
higher than that of the untreated fabric. In all other laboratory treatments 
there is no evidence of chemical damage resulting from the treating proce¬ 
dures. Although it was not possible to measure the fluidity of the untreated 
fabric from which the commercially treated chromium-iron sample had been 
prepared, the fluidity of the commercial chromium-iron samples appears 
considerably higher than that usually obtained with an unbleached cotton 
duck, and it is therefore reasonable to conclude that some chemical damage 
had occurred in the commercial processing of this sample. On weathering, 
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TABLE IV 

Effect of weathering and burial on water resistance of waxed fabrics 


Treatment 

Water resistance, 
cm. pressure to cause j 

leakage 

Change in water 
resistance, 

% of original 

Orig. 

Weath. 

Leached 
and buried 
four weeks 

Weathered 

Leached 
and buried 
four weeks 

Untreated 

29 

44 

0 

+52 

-100 

Chromium-iron 

55 

51 

0 

- 7 

-100 

*Chromium-iron 
*Chromium-iron aftertreated 

35 

— 

0 

— i 

-100 

with copper naphthenate 

38 

33 

19 

-13 

- 50 

Copper-iron 

45 

53 

20 

+ 18 ■ 

- 56 

*Cuprammonium 

40 

49 

54 

+23 ! 

+ 35 

Cutch-cuprammonium 

50 

55 

17 

+ 10 

- 66 

Copper naphthenate 

32 

47 

21 

+47 

- 34 

Copper hydroxynaphthenate 

47 

51 

18 

+ 9 

- 62 

Copper 8-quinolinate 

j 50 

55 

52 

+ 10 

+ 4 

Copper glyoxime 

Zinc dimethyldithiocarbamate 

44 

49 

12 

+ 11 

- 73 

(A) 

Zinc dimethyldithiocarbamate 

39 

47 

9 

+21 

- 77 

( B) 

40 

44 

— 

+ 10 

— 

Zinc naphthenate 
2,2'-Dihydroxy-5,5'-dichloro- 

27 

41 

13 

+52 

- 52 

diphenylmethane ( A) 
2,2'-Dihydroxy-5,5'-dichloro- 

35 

54 

14 

+54 

- 60 

diphenylmethane ( B ) 

35 

52 

40 

+49 

+ 14 


* Commercially treated. 


the untreated fabric showed a considerable increase in fluidity, the effect being 
slightly more pronounced in the waxed fabric. With the unwaxed samples 
the rise in fluidity was markedly less than that of the untreated fabric for the 
chromium-iron and copper 8-quinolinate treatments. With the waxed 
samples the copper-iron, cutch-cuprammonium, and copper glyoxime treat¬ 
ments were also effective in reducing chemical degradation. Copper naph- 
thenate, with and without wax, and copper hydroxynaphthenate and mercury 
naphthenate, unwaxed, showed increases in cuprammonium fluidity somewhat 
greater than that shown by the untreated fabric. 

Discussion of Data 

Attention is called to the appreciable amount of degradation on weathering 
which took place in the waxed samples as compared with the unwaxed samples. 
It was thought that the wax coating might have caused the adherence to the 
fabric of particles of acidic dirt from the air, and consequently a comparison 
of the pH of the waxed and unwaxed fabrics after weathering might be of 
value (Table VI). It will be noted that the pH values for waxed and unwaxed 
fabrics are similar and, although the decrease in pH value as the result of 
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TABLE V 

Effect of weathering on cuprammonium fluidity 


Cuprammonium fluidity, reciprocal poises 


Treatment 


Not waxed | 


Waxed 


Orig. 

Weath. 

Increase 

on 

weathering 

Orig. 

Weath. 

Increase 

on 

weathering 

Untreated 

3.3 

16.8 

13.5 

3.9 

20.6 

16.7 

Chromium-iron 

3.1 

7.3 

4.2 

3.2 

6.1 

2.9 

•Chromium-iron 

8.3 

16.6 

8.3 

7.2 

15.5 

8.3 

•Chromium-iron aftertreated 
with copper naphthenate 

9.9 

14.2 

4.3 

9.5 

15.0 

5.5 

Copper-iron 

2.8 

14.7 

11.9 

4.0 

8.0 

4.0 

•Cuprammonium 

4.5 

17.2 

12.7 

4.7 

18.0 

13.3 

Cutch-cuprammonium 

5.8 

19.1 

13.3 

5.9 

16.7 

10.8 

Copper naphthenate 

2.5 

21.7 

19.2 

2.4 

21.7 

19.3 

Copper hydroxynaphthenate 

2.7 

20.6 

17.9 

3.1 

18.4 

15.3 

Copper 8-quinolinate 

2.4 

12.3 

9.9 

3.3 

10.8 

7.5 

Copper glyoxime 

• 2.4 

17.3 

14.9 

3.3 

12.6 

9.3 

Zinc dimethyldithiocar- 
bamate (A) 

2.5 

16.3 

13.8 

3.9 

20.7 

16.8 

Zinc dimethvldithiocar- 
bamate ( B) 

2.5 

14.4 

11.9 

3.3 

19.8 

16.5 

Zinc naphthenate 

3.0 

17.0 

14.0 

3.3 

19.9 

16.6 

Mercury naphthenate 
2,2'-Dihydroxy-5,5'-dichloro- 
diphenylmethane (/l) 
2,2'-Dihydroxy-5,5'-dichloro- 
diphenylmethane ( B ) 

2.8 

21.1 

18.3 

— 

— 

— 

2.8 

15.2 

12.4 

3.7 

19.7 

16.0 

2.8 

15.7 

12.9 

2.2 

19.6 

17.4 


* Commercially treated . 


TABLE VI 

PH of untreated fabric 


Sample 

. pH 

Original 

Weathered 

Untreated, not waxed 

6.2 

5.9 

Untreated, waxed 

6.7 

5.6 


weathering is greatest for the waxed fabric, it is not considered that the final 
value for the pH of the latter fabric is indicative of the possibility of damage 
through acid attack. The damage must therefore be attributed to oxidative 
changes intensified by the presence of the wax compound, and this effect is 
being studied further.* Mention has already been made of the findings of 
Jarrell and Holman (15) with regard to the deteriorating effect of yellow 

* Indications are that the increased degradation is attributable to a great extent , if not entirely ; 
to the petrolatum. 
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petrolatum on cotton canvas. These authors found that the addition of pig¬ 
ments decreased the deteriorating effect. It is therefore possible that in 
previous work in this laboratory on the weathering of cotton duck (4) the 
inclusion of iron oxide pigment in the wax compound prevented any accelerated 
damage that might have been caused by the wax. 

In general the breaking strength losses on burial of the waxed samples were 
less than those of the unwaxed and also the loss of treating compound on 
weathering was less marked. However, in the waxed samples treated with 
zinc dimethyldithiocarbamate, zinc naphthenate, and 2,2'-dihydroxy-5,5'- 
dichlorodiphenylmethane the treating compound was almost completely 
removed on weathering, so that the behaviour with respect to soil burial after 
weathering was similar to that of the untreated fabric. It might be men¬ 
tioned that the untreated fabric that had been weathered was slightly superior 
on burial to the original untreated fabric. This factor is in agreement with 
other observations that weathering retards subsequent attack by micro¬ 
organisms (2, 4, 10, 16, 23). 

With regard to the water resistance of the waxed fabrics after burial it may 
be noted that the treatments that showed no change in water resistance, 
namely cuprammonium, copper 8-quinolinate and 2-2'-dihydroxy-5,5'-di- 
chlorodiphenylmethane (0.91%) also showed no appreciable change in 
breaking strength when leached and buried for four weeks. Fabrics containing 
other treatments that gave either no loss or slight loss in breaking strength 
when leached and buried for four weeks, namely chromium-iron aftertreated 
with copper naphthenate, copper-iron, cutch-cuprammonium, and copper 
naphthenate, showed substantial loss of water resistance. This would indicate 
that the water resistance is destroyed through microbiological attack on the 
wax before destruction of the cellulose takes place. 

The data give additional evidence of the beneficial effect of the chromium- 
iron treatment in protecting against photochemical degradation, but also of 
the inability of this treatment to withstand exposure to conditions of severe 
contamination such as exist in the soil burial test. The addition of copper 
naphthenate to chromium-iron improved the rot resistance without affecting 
the resistance of the treated fabric to weathering. Race and Rowe (18) 
have reported that the addition of copper to chromium greatly diminishes or 
entirely destroys the protective value of chromium against weathering. The 
present data do not substantiate their findings. However, it should be 
pointed out that in their experiments the chromium oxide content was quite 
low, 0.39%, and also that the copper was in the form of the carbonate. 

All copper compounds, without wax, showed considerable resistance to 
burial for two weeks even after preliminary weathering that had resulted in 
the removal of a large percentage of the copper. The cuprammonium, cutch- 
cuprammonium, and copper 8-quinolinate treatments were more satisfactory 
than the copper naphthenate, copper hydroxynaphthenate, and copper 
glyoxime, although it should be remembered that the copper concentrations 
of the former treatments were considerably higher than those of the latter 
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before and after weathering. With wax, the copper compounds all gave good 
resistance to burial for four weeks even after weathering. 

It should be noted that from breaking strength data there was no evidence 
of enhanced photochemical degradation in the copper treated samples; in fact, 
the cutch-cuprammonium treatment with a copper concentration of 1.85% 
gave considerable protection, especially with the unwaxed sample. It is 
possible that the dark brown colour produced by this treatment had an effect 
in decreasing the photochemical degradation. 

The Problem of the Protection of Tentage Ducks 

One of the reasons for undertaking the present investigation was to obtain 
information regarding the weathering characteristics of a number of the more 
promising rotproofing treatments such as may be applicable to cotton duck 
used in the manufacture of tentage for the Canadian Armed Services. 

The climatic conditions under which tentage may be used will vary widely, 
and several types of environments can be listed (Table VII). 


TABLE VII 

Conditions of various environments in which microbiological attack is possible 


Environ¬ 

ment 

number 

Climatic zone 

Season 

Temperature 

Rainfall 

Sunlight 

intensity 

Probable 
intensity of 
microbiological 
attack* 

1 

Temperate 
(open country) 

Summer 

Moderate 
to high 

Moderate 

High 

Low to moderate 

2 

Temperate 

(varying degrees of 
shade) 

Summer 

Moderate 

Moderate 

Moderate 
to high 

Low to moderate 

3 

Tropics 

(open country) 

All seasons 

Moderate 
to high 

Moderate 
to high 

High 

Moderate 

4 

Tropics 

(shade-jungle) 

All seasons 

Moderate 
to high 

Moderate 
to high 

Low to 
moderate 

High 


* This refers to microbiological attack occurring in fabrics above ground level; under conditions 
of soil contamination , attach may be expected in all of the four environments. 


In addition to the environments given in Table VII reference should be 
made to the possibility of the occurrence of microbiological attack under con¬ 
ditions of storage. Experience has shown that cotton textiles in the tem¬ 
perate zone can readily undergo severe attack under conditions of humid 
storage at moderate to high temperatures in the spring, summer, and autumn 
seasons. Thus there are on record numerous cases in Canada of severe deter¬ 
ioration of untreated cotton textiles used in conjunction with service equip¬ 
ment (e.g., covers for army vehicles). 
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From a consideration of Table VII, it is reasonable to assume that provision 
should be made for the rotproofing of cotton tentage fabrics designed for use 
in environments Nos. 1 to 4, and, if such fabrics are liable to be used in any 
of these environments, the treatment chosen should be the one that provides 
the best resistance to microbiological attack and at the same time possesses 
good weathering characteristics with the minimum tendency to promote 
actinic degradation. 

It has been shown in the present paper that the resistance to weathering 
of most of the rotproofers examined was markedly improved by a waxing 
treatment, but that the extent of actinic degradation is liable to be increased 
by the presence of wax. Moreover, it is sometimes argued that the loss in air 
permeability that results from waxing a tentage fabric is undesirable. For 
this reason there has been considerable interest in the range of so-called ‘self- 
sealing’ cotton canvases, recently developed by the British Cotton Industries 
Research Association, in which a high degree of water resistance, together 
with a normal level of air permeability, is obtained by a suitable choice of 
yarn twist factors and weaving densities. Hence, consideration may well be 
given to rotproofing treatments suitable for use on (a) ordinary tentage duck 
in which wax is used to increase the water resistance of the fabric, and 
(b) special ducks of the self-sealing type in which no wax treatment for the 
purpose of imparting water resistance is necessary. 

In so far as requirement (a) is concerned, it is probable that a chromium- 
iron treatment aftcrtreated with copper naphthenate and wax, copper-iron 
waxed and copper 8-quinolinate waxed would be the most satisfactory. These 
treatments appear to exert a marked protective action against actinic degrada¬ 
tion of the cotton while providing a high level of resistance to microbiological 
attack under conditions of severe contamination; the wax in such treatments 
provides a satisfactory level of water resistance and does not appear to enhance 
appreciably the actinic breakdown of the fabric. The losses of copper shown 
by these treatments on weathering were lower than those of any of the other 
copper compounds at the concentrations examined. 

With respect to requirement ( b ) it is probable that the chromium-iron treat¬ 
ment aftertreated with approximately 3% copper naphthenate would be the 
most satisfactory. This treatment possesses all of the advantages cited for 
the three above-mentioned compounds except for the fact that the copper is 
removed to a marked degree by weathering. However, there should be no 
great difficulty in reapplying copper naphthenate to tentage in use. The 
copper-iron and copper 8-quinolinate treatments both showed severe loss of 
copper on weathering, and this loss could not be conveniently restored by 
re-treating in the field.* 

From time to time, objections have been raised to the use of copper naph¬ 
thenate because of its characteristic odour. The odour of this compound 
varies between wide limits and it is believed that by the adequate specification 
of the properties of the naphthenic acids from which the compound is 
prepared, it should be possible to overcome this difficulty. The copper 
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naphthenates used in this laboratory have not possessed highly objectionable 
odours, and when applied to fabrics in the concentrations used in the various 
investigations on rotproofing have imparted little or no odour to the treated 
fabric. 

Some mention might be made of the suitability of a chromium-iron treat¬ 
ment alone for use under requirements (a) and ( b ). This treatment, in which 
the chromium is the constituent toxic to micro-organisms, has long been widely 
used in Great Britain and, provided not less than 0.75% of chromium (as 
Cr 2 0 8 ) is present, is known to possess a moderate degree of rotproofing efficacy. 
This treatment would probably be adequate for exposures above ground level, 
under the conditions of environment No. 1. It has been shown that the 
accumulation on tents of decaying leaves has brought about the rotting of 
fabric treated with chromium-iron. For many years a chromium-iron treat¬ 
ment has been applied to tentage duck used by the Canadian Army, although 
the degree of rot resistance shown by the treated duck has been of a low order 
and there has been considerable deterioration of tentage pitched in open 
country in Canada, through microbiological attack during the summer 
months (see Fig. 1). It should be pointed out that the chromium oxide 
contents of the fabrics concerned were exceedingly low. 

The problem of a colourless rotproofing treatment having the efficacy of 
the treatments discussed above still remains to be solved. None of the colour¬ 
less compounds examined in the present investigation showed satisfactory 
resistance to weathering, even when present in conjunction with wax. Other 
colourless compounds that have been investigated as rotproofers include 
salicylanilide, phenolic compounds, and organo-mercurials. These compounds 
have not been found to possess high efficacy under conditions favouring severe 
microbiological attack, and most of them show unsatisfactory weathering 
characteristics. However, some of these compounds, notably salicylanilide, 
have been successfully used as preservatives for cotton textiles during storage. 
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HYGROSCOPIC EQUILIBRIA FOR HULLS AND KERNELS OF 
\ SUNFLOWERSEED AND OATS 1 

By R. Colvin, 2 B. M. Craig, 2 and H. R. Sallans* 

Abstract 

An apparatus for adjusting a stream of air to definite relative humidities using 
saturated salt solutions and the application of this equipment to the determina¬ 
tion of hygroscopic moisture in grains is described. Data are presented to show 
that under equilibrium conditions sunflower hulls have a higher moisture content 
than meats. For oats this condition is reversed. In the lower humidity ranges 
sunflower and oat hulls show similar moisture contents, which fall about 2% 
below the values for wheat, oat groats, flax, and sunflower meats computed to 
an oil-free basis. It is concluded that hygroscopic equilibria in grains are 
governed more by the structure of the grain and physical absorption phenomena 
than by the chemical components. 

In previous studies on sunflowersced and oats (4, 7) differences in moisture 
level between hulls and meats were observed. This is not surprising, since a 
marked difference exists in the composition of these two parts of the seed. 
The hulls of both sunflowersced and oats are composed mainly of cellulose, 
hemicelluloses, and lignin and should behave similarly, but the meats differ 
markedly from the hulls in their components and should show a difference in 
moisture absorption. Furthermore, since sunflower meats and oat groats 
differ greatly in composition, it would be expected that this difference would 
be reflected in their moisture holding capacity. 

Since the moisture distribution between meats and hulls is related to the 
problem of dehulling (4), it appeared of practical interest to investigate this 
relation. 

Methods and Materials 

In a previous study (4) samples were exposed to constant relative humidities 
by supporting them over saturated salt solutions at a controlled temperature 
of 25° C. At high humidities it required two to three weeks for diffusion 
processes to establish equilibrium between the seed and the surrounding air. 
Under these conditions, difficulties were encountered due to mould growth on 
the samples (5). 

1 Manuscript received November 1, 1946. 

Contribution from the Oil Seeds Laboratory , University of Saskatchewan, Saskatoon , Sask. 
Published as Paper No. 251 of the Associate Committee on Gram Research and as N.R.C. No. 1505 . 

1 Student Assistant , Oil Seeds Laboratory. 

3 Biochemist , Prairie Regional Laboratory , National Research Council, Saskatoon. 
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To hasten the establishment of equilibrium conditions the apparatus shown 
in Fig. 1 was devised. This consists of a prehumidifier, A , constructed from 
a milk bottle with a sintered glass disk in the inlet tube; a humidification 
tower, B; a spray trap, C; a sample tube, D; and a vacuum ballast fitted 
with a vacuum regulator. Final adjustment of humidity is accomplished in 
tower B by means of saturated salt solutions. 



An inner tube filled with glass beads is supported in tower B by means of 
the air inlet tube. Some solid salt is placed in the bottom of B, which is 
then filled to the top of the inner tube with a saturated solution of the required 
salt. In operation, air aspirated through the bead column induces a circulation 
of the solution, which passes up through the bead column and down the outer 
jacket where it comes in contact with solid salt at the bottom of tower B. 
This action insures that the solution will always be saturated and that no 
supersaturation will occur owing to quiescent evaporation that might occur 
in a static system. 

When air is fed directly to the humidifying tower, evaporation from the 
solution causes crystallization to occur in the inlet tubes with plugging of 
the system. To overcome this difficulty a prehumidifier was introduced and 
charged with a solution not quite saturated with respect to the salt being used 
in the tower. To obtain the higher humidities, 81% and 93%, pure water 
was used in the prehumidifiers since the normal room humidity was in the 
o»der of 30 to 40%. 



COLVIN ET AL.: HYGROSCOPIC EQUIUBRIA IN CRAINS 


113 


A battery of five units was set up in a room thermostatically controlled at 
25° ± 2° C. The units were all connected to a common vacuum ballast and 
air flow through each unit adjusted to 500 ml. per hr. by means of capillaries 
in the lines. 

A3 a check on the effectiveness of humidity control, a volumetric hygro¬ 
meter (1) was constructed and measurements were made of actual humidities 
obtained. The salts used, together with humidities as given in the Inter¬ 
national Critical Tables and experimentally determined values, are shown in 
Table 1. The theoretical values and those actually produced by the equip¬ 
ment agree within the experimental error of the volumetric hygrometer. 


TABLE I 

Relative humidities of saturated salt solutions at 25° C. 


Salt 

Relative humidity, % 

From Tables 

Experimental 

CaCI 2 . 6 HjO 

31 0 

31.0 

K 2 COa 

43.0 

43 0 

Ca(NO ,) 2 

51 0 

50.0 

NH 4 NO, 

62.0 

60.5 

NH 4 CI + KNOj 

71.2 

71.0 

(NH 4 VSO 4 

81.1 

80.0 

nh 4 h 2 po 4 

93 0 

91.5 


A sample of the material under study was placed in the U-tube, D, which 
was then connected in the aspiration system. At intervals the tube w r as 
removed, the arms closed, and the tube weighed. When constant weight was 
obtained, usually after five to six days, the sample was removed and moisture 
determined in a vacuum oven at 100° C. with a 16 hr. heating period. 

It requires several days before mould growth begins at high moisture levels 
and only in a very few cases at the highest humidity levels was there any 
evidence of moulding. 

The sunflower samples used were of the Mennonite variety from experi¬ 
mental plots at the University of Saskatchewan. The seed was harvested at 
high moisture content (25 to 30%) and air-dried in the laboratory to a level 
of 4.5 to 5.0%. At this value the hull composed 45 to 50% and the meats 
50 to 55% of the kernel weight. 

Victory oats grown at the University of Saskatchewan were used for the 
study. The sample had a bushel weight of 45 lb. and was composed of 26.3% 
hulls and 73.7% groats. 

Since it is obviously impossible to dehull seed at high moisture levels without 
loss of moisture, hygroscopic equilibria were determined on whole seed and 
on meats and hulls after separation. The sunflower seed was carefully hulled 
by hand for initial studies, but subsequent work indicated that hulls separated 
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mechanically gave almost identical results if care was used to exclude all 
traces of meats. The oats were dehulled with a mechanical huller (7) and 
the final samples of groats and hulls were carefully hand-picked. 

Results 

Sunflowerseed 

Three samples of sunflowerseed were studied and the mean equilibrium 
moisture values for whole seed, meats, and hulls are shown graphically in 
Fig. 2. The actual values together with differences between meats and hulls 
are given in Table II. If moisture contents of the hulls and meats are plotted 
against moistute content of the whole seed, two virtually straight lines are 



RELATIVE HUMIDITY, % 

Fig 2 Relation of the hygroscopic moisture m uhole sunflouerseed, meats, and hulls to 
various relative humidities at 25° C. 

TABLE II 

RrLVTION OI EQUILIBRIUM MOIbTURI CONTENT OP SCNM OWh RSEI D, SUMXOWIR HULLS, 
AND SUN1LOWFR Ml \TS TO KLLATIVL HUMIDIT\ AT 25°C 




Moisture content, % 


humidity, % 

Whole seed 

Hulls 

j Meats 

Difference, 
hulls minus meats 

31 0 

5 8 

7 0 

1 

4 7 

2 3 

43 0 

6 7 

8 4 

5 3 

3 1 

51 0 

7 8 

9 3 

5 8 

3 5 

62 0 

9 0 

11 6 

6 4 

5 2 

71 2 

11 0 

13 6 

7 6 

6 0 

31 1 

12 9 

16 2 

9 2 

7 0 

93 0 

18 5 

22 6 

13 5 

8 1 
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obtained that diverge by the amount shown in the last column of Table II* 
This indicates that the distribution of moisture between meats and hulls is 
directly proportional to the total moisture of the seed. 

A comparison of the curve for whole sunflowerseed with that obtained by 
Larmour, Sallans, and Craig (4) shows that the moisture values obtained in 
the present study are higher, especially at higher humidities. This may be 
due in part to the use of an aspiration instead of a static system for production 
of controlled humidities. However, it seems more probable that the main 
difference is caused by differences in the samples of seed used. For example, 
in the present study values of 5.4, 5.7, and 6.3% moisture were obtained at 
a relative humidity of 31%. Similar differences were observed at all the other 
humidity levels. 

It appears that differences in kernel content of th£ seed and oil content of 
the meats must have an effect on the equilibrium moisture values. The data 
on hulls for the three samples showed much closer agreement than similar 
values for whole seed and meats, although one sample was consistently 
slightly higher than the other two. Since the hulls are composed mainly of 
cellulose and lignin and both of these materials appear to have similar moisture 
holding capacities, little variation in the equilibrium moisture values would be 
expected. For whole seed the oil content is approximately 25% and for meats, 
50%. Since the oil has little, if any, tendency to absorb moisture, variations 
in the quantity present would alter the proportion of hygroscopic material 
with a resultant shift in equilibrium moisture values for whole seed and meats. 

Oats 

The data obtained for oats using a single sample are presented graphically 
in Fig. 3 and the differences between hulls and groats are shown in Table III. 
As with sunflowerseed a plot of hull and groat moistures against moisture 
content of the whole seed gives two straight lines. However, in this case the 
lines are virtually parallel as indicated by the constant difference between 
groats and hulls shown in the last column of Table III. 

TABLE III 

RhLATION O* hQUILlNRICM MOISTURF CONTFNT or OVTS, 0\T HLLLS, AND OAT GRO\TS 
TO RLLA11VL HUMIDIT\ AT 25° C 




Moist urt content, % 


Relative 





Whole seed 

Groats 

Hulls 

Difference, 
^roaN minus hulls 

humidity, % 

31 0 

8 1 

8 6 

7 3 

1 3 

43 0 

9 2 

9 7 

8 4 

1 3 

51 0 

10 0 

10 6 

9 1 

1 5 

62 0 

11 2 

11 9 

10 5 

1 4 

71 2 

12 6 

13.2 

11 8 

1 4 

81 1 

14 7 

15 4 

14 0 

1 4 

93.0 

20 2 

20 8 

19 4 

1.4 
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The other striking difference between oats and sunflowerseed is that with 
oats the meats have a higher moisture holding capacity at equilibrium than 
the hulls. This is just the reverse of the results obtained with sunflowerseed. 
Apparently these differences in behaviour are due mainly to differences in oil 
content of the various materials. 



Fig. 3 1Relation of the hygroscopic moisture in oats , oat hulls, and oat groats to various 
relative humidities at 25 C. 

Relation of Hygroscopicity to Grain Constituents 

In their studies on cereal grains Coleman and Fellows (2) were unable to 
relate differences in hygroscopic equilibria of grains to protein content. 
Subsequently Ramstad and Geddes (6) postulated differences in ash content 
as a possible cause of these differences. In their study Larmour, Sallans, and 
Craig (4) found that different es in ash content would not explain the differ¬ 
ences in hygroscopicity of oil seeds when calculated to an oil-free basis and 
suggested that, “any adequate explanation of these differences will likely have 
to be found in the nature of the components of these seeds rather than in the 
actual amounts of the various components present”. 

In Table IV are collected data on sunflower hulls, oat hulls, wheat oat 
groats, flax, and sunflower meats. Since oil does not absorb moisture, the 
values for oat groats, flax, and sunflower meats are expressed on an oil-free 
basis to facilitate comparison. Moisture values for wheat were estimated 
from the data of Coleman and Fellows (2), and values for flax were taken 
from the work of Larmour, Sallans, and Craig (4). The last two lines in the 
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TABLE IV 

Comparison, on an oil-free basis, of the hygroscopicity of wheat, oat groats, flax, 

SUNFLOWER MEATS, SUNFLOWER HULLS, AND OAT HULLS 


Moisture content, oil-free basis 


Relative humidity, % 

Wheat 

Oat groats 

Flax 

Sunflower 

meats 

Sunflower 

hulls 

Oat 

hulls 

31.0 

9.4 

9.2 

8.9 

9 0 

7.0 

7.3 

43.0 

10.8 

10.4 

10.6 

10.1 

8.4 

8.4 

51.0 

11.9 

11 4 

11.4 

11.0 

9.3 

9.1 

62.0 

14.0 

12 7 

13.3 

12.0 

11.6 

10.5 

71.2 

16.3 

14.1 

15.2 

14 1 

13.6 

11.8 

81.1 

20.0 

16.4 

18.6 

16.8 

16.2 

14.0 

93.0 

27.1 

22.1 

26.3 

24.0 

22.6 

19.4 

Protein, % (oil and moisture- 
free) 

Ash, % (oil and moisture- 
free) 

14.1 

18 9 

45.0 

52.4 

3.8 

4.1 

1.93 

2 06 

6.89 

8.47 

2.68 

6.23 


table show protein and ash content calculated to an oil- and moisture-free 
basis from average values for these materials (8). 

The striking feature of the data is the close agreement in hygroscopic 
equilibria at low moisture values for all these materials, which differ so widely 
in composition. At humidities of 31.0, 43.0, and 51.0% the values for wheat, 
oat groats, flax, and sunflower meats are virtually the same even though the 
protein content differs by as much as 38%. Such variations as do occur bear 
no relation to total protein. A similar situation exists with respect to ash 
content. The only evidence that chemical composition may affect hygro¬ 
scopicity is found in the case of oat and sunflower hulls. These materials 
show equivalent moisture holding capacities up to a relative humidity of 51%. 
However, their moisture values are approximately 2% lower than those for 
the other materials shown in Table IV. It would appear that radical 
changes in chemical composition, such as substitution of 50% protein for 50% 
cellulose, would be required to alter the hygroscopic moisture equilibrium at 
low relative humidities. Only the widest extremes in chemical composition 
of the material affect the moisture holding capacity. 

This behaviour suggests that the water holding capacity is due to physical 
rather than chemical forces and that any adequate explanation for hygroscopic 
equilibria must consider grains as colloidal or gel systems. The observation 
that materials differing as widely in composition as wheat and sunflower 
kernels show similar hygroscopic equilibria up to a relative humidity of 51% 
or a moisture level of about 11.5% suggests that in this region the moisture 
may correspond to ‘bound water’. Above this level the rate of moisture 
absorption with increasing humidity appears to be characteristic of the 
particular material under study. If it is assumed that ‘capillary water’ or 
‘water of imbibition’ is present in this range, ‘solvation’ would occur and 
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differences in the amounts of soluble electrolytes and organic constituents 
would begin to affect the water absorbing characteristics of the gel structure. 

It is obvious that the hygroscopic behaviour of grains is a complicated 
phenomenon and no simple interpretation based on a single factor will provide 
an adequate explanation. However, it is interesting to note that Fairbrother 
» (3) reports a linear relation between moisture content of wheat flour and 
relative humidities between 15 and 90%. Above 90% relative humidity a 
sharp rise in moisture uptake with increasing humidity was observed. In 
view of the results reported above it is difficult to conceive that this marked 
difference between the behaviour of wheat and flour can be explained on the 
basis of chemical constitution. However, since the cellular structure of 
wheat is destroyed in the milling process, it appears quite logical to attribute 
the difference in hygroscopic behaviour to changes in the physical state of the 
material. This may be taken as further evidence that the main factors 
influencing hygroscopicity of grains are colloidal and are related to the physical 
structure of the grain. 
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FLASH DRYING IN RELATION TO HULLING OF 
SUNFLOWERSEED AND OATS 1 

By G. D. Sinclair 2 and H. R. Sallans 8 

Abstract 

A laboratory flash drying unit with continuous feed is described In test* 
on sunflowerseed and oats it was possible to lower the moisture content of the 
hulls several units per cent without appreciably changing the moisture content 
of the meats. The effect of this change in the moisture distribution between 
meats and hulls on hulling efficiencies was studied. It was found that flash 
drying gave a slightly lower percentage of seed hulled with a definite decrease 
in the percentage of meats broken Furthermore, the damaged meats were not 
broken into as small pieces and hence separation of meats and hulls was facilitated. 

Results of hygroscopic moisture studies on sunflowerseed and oats (1) 
have shown that a definite difference in moisture content exists between the 
kernels and the hulls. With sunflowerseed the moisture level in the hulls is 
higher than that in the meats, while with oats this distribution is reversed. 
It was suggested (3) that the ideal way to secure a high percentage of hulling 
with minimum breakage of meats was to have the hull dry and brittle with 
the meats moist and tough 

Preliminary experiments on drying small samples of sunflowerseed in an 
air oven with forced circulation showed that the normal moisture distribution 
between meats and hulls could be changed by short periods of drying at 
moderate temperatures. It was possible under favourable conditions to 
reduce the moisture content of hulls several per cent without changing the 
meat moisture appreciably. In view of these findings, it was decided to 
construct a small unit to study the effects of flash drying in relation to hulling. 
Since oats arc often pan dried before hulling and the normal moisture distri¬ 
bution is the opposite to that in sunflowerseed, it appeared that data on oats 
would be of value in assessing the utility of flash drying. 

To produce the maximum drying of the hull with a minimum change in 
the moisture content of the meats, it is necessary to subject the seed to a 
short, sharp heating peri<xl and to dehull it promptly before moisture diffuses 
from the kernel back into the hull In preliminary tnals the seed was dropped 
directly from the heating unit into the huller This was unsatisfactory as 
the hulls seemed to sweat on cooling slowly. A greater moisture differential 
between meats and hulls was obtained by cooling the seed in a blast of air 
immediately after heating 

The design of the unit and data on changes in moisture distribution and 
hulling efficiencies are presented in the following sections of this paper 

1 Manuscript received November 7, 1946 
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Equipment 

A section drawing of the flash drying unit is shown in Fig. 1. A three 
bladed 6 in. centrifugal fan, F, is connected to a duct containing two flues. 
The upper one opens into the drying chamber, 5, and is heated by four 660-w. 
cone type heaters while the lower one opens into cooling chamber C. A feed 
hopper, A r is mounted above drying chamber B and a release roll is mounted 
below cooling section C. 



L —.i . 1—A 1 L— ,i — -L. i —A —U l 1 

ONE FOOT 

Fio. 1. Section drawing of flash drying unit. 

The blades of fan F } made of 16-gauge sheet metal, arc mounted on a steel 
flange carried on the shaft of a ^ h.p., d-c. motor. Regulation of air flow is 
obtained by adjustable slides on the air inlet to the fan housing. This housing, 
having an air outlet 3 in. by 6 in., is fabricated from 20-gauge sheet metal and 
is bolted to the heating and cooling ducts. A sheet of galvanized screen with 
1/16 in. perforations is inserted between the fan and air ducts to provide a 
back pressure and thus give a uniform distribution of air. The heating and 
cooling ducts, made of 20-gauge galvanized iron, are separated by a 3/16 in. 
transite board and the whole unit is covered with 10 layers of heavy asbestos 
paper. The drying and cooling unit is faced with galvanized screen having 
f/16 hi. openings and carries three horizontal fins to mix the seed as it passes 
thiough the dryer. The inner screen area, 3 in. X 6 in., is smaller than the 
outer area, 3 in. X 8 in., to provide a pressure drop across the unit. This 
facilitates a uniform rate of feed and prevents clogging. A grooved wooden 
release roll is chain driven from a 1/30 h.p. variable speed motor that can 
be reduced to 30 r.p.m. heed rate is controlled by adjusting the clearance 
between the roll and a hinged metal flap by means of a thumbscrew. 
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After a few preliminary trials the equipment was adjusted to give an air 
temperature of 190° to 195° C. when no seed was passing through chamber B. 
Air velocity under these conditions was 400 to 410 linear feet per minute in 
both the heating and cooling sections. When the unit was filled with sun- 
flowerseed the air velocity was 250 ft./min. and with oats 240 ft./min. as 
measured with an anemometer. Actual operating temperatures recorded by 
a thermometer inserted in the centre of heating section B varied from 121° C, 
to 175° C. depending on the moisture content of the seed and the rate of feed. 

Materials and Methods 

Sunflowerseed 

A two bushel lot of No. 1 C.W. Mennonite sunflowerseed, 52.5% meats 
(dry basis), was obtained from a local processing firm. After careful cleaning 
to remove trash, the sample had a bushel weight of 26.4 lb. and was of fairly 
uniform seed size. The bulk sample was thoroughly blended in a rotary 
mixer and quartered. The main samples were tempered to moisture levels 
of 8.0, 9.4, 10.6, and 12.2%. After tempering, each of these samples was 
divided into four equal parts to provide material for four drying rates. 

Oats 

Two bushels of commercial Banner oats of seed grade, 68.8% groats (dry 
basis), was obtained from the Field Husbandry Department at the University 
of Saskatchewan. The sample as received was cleaned to seed specifications 
and had a bushel weight of 41.9 lb. After thorough mixing it was subdivided 
as for sunflowerseed, but the moisture levels selected were 9.8, 12.0, 14.1, 
and 16.3% since oats normally have a higher percentage of moisture than 
sunflowerseed (1). 

Drying 

The drying portion of the unit, consisting of both the heating and cooling 
sections, was found to hold 175 gm. of sunflowerseed or 278 gm. of oats. The 
release was set so that these quantities of material passed through the drying 
unit in 0.5, 1.0, 1.5, and 2.0 min., respectively, for the tests on both sun¬ 
flowerseed and oats at each moisture level. It follows that the drying times 
recorded represent the time for the seed to pass through both heating and 
cooling sections of the dryer. Furthermore, the actual exposure of the seed 
to air at 190° to 195° C. is just a little greater than half the total drying time. 
For example, a drying time recorded as 0.5 min. represents 17 to 18 sec. 
heating followed by 12 to 13 sec. cooling. Under these conditions it was 
observed that the meats were only slightly warmed. On exposure for 70 sec. 
in the longest drying tinte of 2.0 min. there was no indication of damage to 
the meats in either sunflowerseed or oats even at the lowest moisture level 
of the feed. 

Before starting a test the dryer was allowed to run till it was thoroughly 
heated, and seed was then fed continuously until a thermometer inserted in 
chamber B showed a constant reading. At this point samples were taken 
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for determinations of moisture content and hulling efficiency. Samples were 
hulled immediately after drying, only sufficient time being taken to weigh 
a 100 gm. aliquot. 

Hulling 

Tests on hulling efficiency were made with a laboratory huller and the 
methods of estimating percentage of seed hulled and meats broken have been 
described (3). A huller speed of 3000 r.p.m. was used for sunflowerseed and 
3400 r.p.m. for oats. 

Determination of Moisture 

Determination of moisture content on the whole seed presented no difficulty. 
In the hulling and fanning operations, however, it is obvious that, if the 
relative humidity of the laboratory air differs markedly from that in 
equilibrium with the moisture content of the seed (1, 2), the values obtained 
for meats and hulls will not represent the moisture distribution in the seed 
at the time of impact in the huller. Moisture content of the hulls was found 
to change markedly on fanning, but tests on sunflower meats indicated that 
fanning produced only small changes, 0.2 to 0.3%, in moisture level. Hence, 
values for moisture content in the hulls were computed from data on meat 
moisture, whole seed moisture, and kernel percentage of the seed. 

Results 

Drying 

Data on sunflowerseed at four moisture levels and four drying treatments 
are shown in Table I. If the moisture contents of the tempered undried 
sunflower samples are compared with equilibrium moistures from hygroscopic 
studies (1) it is found that 8 0, 9 4, 10.6, and 12.2% moisture in the whole 
seed correspond with relative humidities of 53, 64, 71, and 78%. it will also 
be noted that the moisture values for meats are consistently lower than those 
given in the previous data, while the hulls are consistently higher. This would 
be expected since the sample used in the present investigation had a higher 
percentage of kernels than the samples previously used, 52 5% as compared 
with about 47%. 

Since little, if any, loss in moisture content of the sunflower meats occurred 
during hulling and fanning, it is apparent that the moisture distribution 
between meats and hulls of the tempered samples corresponded to equili¬ 
brium conditions. 

Results for oats appear in Table II. From comparison with hygroscopic 
data (1) it appears that normal oat moistures of 9 8, 12 0, 14 1, and 16.3% 
should be in equilibrium with relative humidities of 48, 67, 78, and 86%. An 
examination of the data for hulls and groats shows that at a moisture level of 
9.8% the values agree with those expected from previous work. However, 
as the moisture content is increased, there is an apparent reversal in moisture 
distribution, i.e., at 14.1% and 16 3% the hulls are higher in moisture than 
the groats. This is due to relatively rapid drying of the oat groats in hulling 
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The effect of flash drying on the moisture distribution between sunflower 

MEATS AND HULLS AND ON HULLING EFFICIENCIES 


Moisture 
in original 
seed, % 

Drying 
time, min. 

Moisture in dried seed, % 

i 

Hulling, % 

Broken 
meats, % 

Whole seed 

Meats 

Hulls 

8.0 

0.0 

8.0 

5.7 

10.4 

91.4 

16 8 


0.5 

7.1 

5.6 

8.6 

91.8 

17.2 


1.0 

6.1 

5.5 

6.7 

94.4 

23.3 


1.5 

5.0 

5.1 

5.0 

94.4 

25.5 


2.0 

4 6 

4.8 

4.4 

97.3 

32.1 

9.4 

0.0 

9.4 

6.3 

12.7 

87.9 

10.2 


0.5 

8 1 

6 4 

9.9 

86.8 

12.0 


1.0 

7 3 

6.3 

8.5 

91.0 

16.5 


1.5 

6.1 

6.0 

6.3 

94.4 

22.2 


2.0 

5.5 

5.8 

5.2 

96.4 

23.8 

10.6 

0.0 

10.6 

7.3 

13.9 

79.2 

4.3 


0.5 

9.7 

7.3 

12.2 

83.7 

6 8 


1.0 

8.5 

6.9 

10.2 

89.1 

11.9 


1.5 

7.4 

6.8 

8.1 

89.5 

13.3 


2.0 

6.0 

6.4 

5.6 

93.7 

17.6 

12 2 

0.0 

12.2 

8.0 

16.4 

69.0 

2.3 


0.5 

10.6 

8.0 

13.2 

68.2 

3.9 


1.0 

9 4 

7 7 

11.2 

80.0 

6.1 


1.5 

7.8 

7.4 

8.3 

86.8 

9 4 


2.0 

6.6 

7.0 

6.3 

90.8 

13.0 


TABLE II 

The EFFECT OF FLASH DRYING ON THE MOISTURE DISTRIBUTION BETWEEN OAT GROATS 
AND HULLS AND ON HULLING EFFICIENCIES 


Moisture 
in original 
seed, % 

Drying 
time, min. 

Moisture in dried seed, % 

Hulling, % 

Broken 

Whole oats 

Groats 

Oat hulls 

meats, % 

9.8 

0.0 

9 8 

10.5 

8.2 

94.9 

20.3 


0.5 

9 3 

10.4 

6.6 

93.6 

12 6 


1 0 

9 0 

10.2 

6.3 

95 0 

15 9 


1.5 

7.8 

9.5 

4 0 

96.2 

22 0 


2.0 

7.6 

9.2 

3.7 

* 98.8 

32 8 

12.0 

0.0 

12 0 

12.1 

11.6 

87.3 

8.8 


0 5 

11 3 

12.1 

9 3 

86.4 

6 8 


1.0 

10 5 

11.6 

8.0 

90.8 

8 0 


1.5 

9 4 

11.0 

5 7 

94 6 

15 8 


2.0 

8 4 

10.3 

4 0 

96.6 

22 7 

14.1 

0 0 

14 1 

13.8 

14.8 

75 0 

3 6 


0.5 

13 4 

13.7 

12.8 

77.4 

4 1 


1.0 

12 3 

13.1 

10 3 

87.0 

6 1 


1.5 

11 4 

12.4 

9.3 

92 2 

12 0 


2 0 

9 9 

11.2 

6.9 

96.8 

22.5 

16.3 

0.0 

16 3 

15.4 

18.3 

63 9 

2 6 


0.5 

15.2 

15.2 

15 2 

71.0 

1 9 


1.0 

14.1 

14.8 

12 4 

82.2 

2 9 


1.5 

12.3 

13.7 

9.0 

92.6 

8 9 


2.0 

10.9 

12.8 

6.0 

93.8 

16.1 
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and fanning, which results from a higher surface to volume ratio and a lower 
oil content than is found in sunflower meats. 

The data on moisture distribution in Tables I and II show clearly that it is 
possible by means of flash drying to reduce the moisture levels in both oats 
and sunflowerseed to a marked degree without appreciably affecting the 
moisture level in the meats. The degree of drying is obviously a function of 
the original moisture level in the seed and the drying time. 

To facilitate comparison of the data on moisture distribution, mean values 
at each drying rate over all four initial moisture levels are shown graphically 
in Fig. 2 for both sunflowerseed and oats. The most striking and interesting 
feature is the close similarity in drying rate between sunflower and oat hulls. 
In both cases the initial moisture content of approximately 13.0% dropped 
rapidly in an almost linear relation with drying time. The curves for sun¬ 
flower and oat hulls in Fig. 2 are almost parallel and in both cases the moisture 
drop was exac tl\ 8 0%. 



Fig. 2. Distribution of moisture between hulls and meats of sunflowerseed and oats for 
various levels of flash drying . 

The moisture drop for oat groats is 2.1% while that for sunflower meats is 
only 0.8%. Since oat groats at 13% moisture are in equilibrium with a 
relative humidity of approximately 73% while for sunflower meats at 6.8% 
the corresponding value is 68%, the observed difference in drying rate cannot 
be due to differences in the moisture holding capacity of the two materials. 
It would seem that there is a greater transfer of moisture from the groats 
through oat hulls than from meats through sunflower hulls. 

With sunflowerseed a diying time of two minutes produced a change in the 
differential moisture level between hulls and meats of + 6.4 to —0.6, or a 
total change of 7.0%; the corresponding value for oats was from —0.2 to 
— 5.7, or a total of 5.5%. 
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Hulling 

Data showing the percentage of seed hulled and meats broken at each 
drying level are shown in Table I for sunflowerseed and in Table II for oats. 
It will be noted that for sunflowerseed there is a consistent increase in the 
percentage of seeds hulled with increased drying time, but this is accompanied 
by an increase in the percentage of meats broken. With oats a similar trend 
is evident; however, at the lower moisture ranges, 9.8 and 12.0%, there 
appears to be a drop in broken meats for the shorter drying times. 

To facilitate comparison of hulling efficiencies for flash-dried seed with 
those for seed having a normal moisture distribution, mean values over the 
four initial moisture ranges are plotted against percentage moisture in Fig. 3. 



Fig. 3. Relations of percentage seed hulled and meats broken to moisture content of normal 
and flash dried sunflowerseed and oats . 

The curve representing the percentage hulling for flash-dried seed falls below 
that for seed having normal moisture distribution. At 5.5% total moisture 
the flash-dried seed shows 2% less hulling while at 9.0% the difference is 
10.0%. Data for percentage of broken meats in the lower figure show that 
at 5.5% moisture there is a reduction of 11% in breakage due to flash drying, 
but at 9.0% this difference falls to 2.0%. The same general trend is shown 
for the data on oats, but the differences between dried and undried samples 
are considerably smaller than those for sunflowerseed. 

It should be noted that the broken meats from flash-dried samples were not 
broken into as small pieces as those from samples having a normal moisture 
distribution. Hence, in any recovery system involving fanning there would 
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be an appreciably^ greater recovery of oil-bearing material from flash-dried 
seed than the analytical figures quoted would indicate. 

Discussion 

It has been shown that the normal differential in moisture content between 
hulls and meats can be radically changed by means of flash drying. The 
primary objective of securing drier hulls with moister meats was attained. 
However, data on hulling efficiencies show that the expected result of higher 
percentage hulling at comparable moisture levels was not realized. 

Normally in Mennonite sunflowerseed the meat is held firmly to the hull 
at one or more points of contact, while there is free space between the meat 
and hull over the remaining area. If there is free space under the point of 
impact in the huller, the hull crumples and cracks under the impact with 
little damage to the meat. When seed is flash dried, the hull tends to shrink 
with no compensating decrease in volume of the meat. Under these condi¬ 
tions the hull area not directly in contact with the meat is reduced and even 
though the hull is drier and more brittle the additional support furnished by 
the meat tends to resist the shattering effects of impact, in addition sun¬ 
flower hulls have a light, spongy interior lining that is particularly susceptible 
to changes in moisture content. When seed is flash dried the atmosphere 
between the hull and meat becomes saturated with moisture at elevated 
temperatures. When it is cooled this moisture condenses in the spongy lining 
of the hull, which becomes tough. Even though the outer hull may become 
more brittle the shattering effect of impact is lessened by the tough inner 
lining with the result that the seed cracks but the hull is not completely freed 
from the meat. 

In oats there is less free space between the meats and hulls than in sunflower- 
seed and oat hulls do not have the same spongy lining as sunflower hulls. 
Hence, the effects noted for sunflowerseed are not as pronounced for oats. 
At the more intensive drying levels it was noted that the hulls tended to 
shrink so tightly onto the meats that they cracked or loosened. This probably 
accounts for the fact that at these drying levels the curves for percentage 
hulling of dried and undried seed coincide. 

The definite and consistent lowering in the percentage of broken kernels is 
a reflection of an increased toughness or plastic quality in the meats. This 
effect is more noticeable for sunflowerseed since less drying of the meats 
occuried than in oats, and the high oil content of sunflower meats also imparts 
plasticity. On sharp impact this property causes the meats to break into 
two or three relatively large fiagments as contrasted with the shattering 
effect that occurs at lower moisture levels. 

It appears that with suitable adjustment of temperatures and drying times 
the moisture in the hulls of both sunflowerseed and oats can be materially 
reduced without changing the meat moisture appreciably. On hulling this 
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gives no material gain in percentage of seed hulled but can give a significant 
lessening of shattering damage to the meats. Thus the main advantage of 
flash drying is to simplify separation of meats and hulls. 
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PACKAGING 

VII. WATERPROOFING OF FIBREBOARD CONTAINERS 1 

By C. G. Lavers 2 

Abstract 

An attempt was made to find a material in which domestic fibreboard cartons 
could be dipped to produce waterproof packages. The waterproofing agents 
tested included vinyl resins, cellulose acetates, nitrocelluloscs, polystyrene, 
chlorinated rubber, corn protein - resin, a wood oil drier combination, an alkyd, 
and microcrystalline wax. Agents that did not coat the surface of the box, or 
gave only a very light coating, were not satisfactory. Wax could not stand 
rough handling at low temperatures. Two nitrocellulose formulations and one 
vinyl resin solution were found to be particularly suitable for this application. 

One of the nitrocellulose waterproofing agents dried at room conditions in 15 
min., and boxes coated with it withstood water immersion for over 30 days after 
rough handling at —40° F. This method of producing waterproof packages 
appears to be quite practical. 

Introduction 

During the war, because of uncertain conditions of handling and ware¬ 
housing, many tons of warlike stores had to be shipped in waterproof con¬ 
tainers. One of the most common methods employed in making waterproof 
packages was by wrapping the product to be protected, either before or after 
placing it in a carton, in Grade C material (Cellophane laminated to scrim 
cloth and coated on both sides with microcrystalline wax), sealing by dipping 
in wax, and overwrapping with kraft paper to prevent packages from sticking 
together. This method was expensive, and labour and time consuming. 
Hence, it was felt desirable to attempt to find a material in which domestic 
fibreboard cartons could be dipped to produce a waterproof package that would 
require no further processing. Several commercial waxy and resinous products 
were tested for this application, and this paper presents the results. 

With the cessation of hostilities and consequent improvement in shipping 
conditions, the need for waterproof packages was greatly reduced and hence 
this project was not continued. For this reason, the results presented are 
not as complete as they might otherwise have been; however, they do serve 
to indicate the performance that may be expected from various types of 
waterproofing agents and also show the practicability of this method of 
packaging. 

Materials and Methods 

It was believed that a material for the purpose described above should 
have as many of the following properties as possible. It should preferably 
be applied without heating; should dry rapidly; should require no overwrap 

1 Manuscript received September 20, 1946. 

Contribution from the Division of Applied Biology, National Research Laboratories , 
Ottawa Issued as Paper No. 184 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1501. 

2 Chemical Engineer , Food Investigations. 
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to prevent packages from sticking together (blocking); should retain flexibility 
at low temperatures; and it should not soften and run off the package at high 
temperatures (140° F.). 

The materials tested were of three general types: solvent deposited resins 
that left a surface film over the entire package, impregnating materials that 
left little or no surface coat, and wax. The agents tested included: vinyl 
resins, cellulose acetate, nitrocelluloses, polystyrene, chlorinated rubber, corn 
protein - resin, a wood oil drier combination, an alkyd, and microcrystalline 
wax. Further details are given in Table I. 

An initial test of all samples was done as follows. Regular flat folding 
cartons with full overlapping long flaps (0.02 in. chip board; dimensions, 
4 X 2\ X 1 15/16 in.; opening end, 2J X 1 15/16 in.) were filled with saw¬ 
dust and closed with silicate glue. Seams around the top and bottom, and 
at the side, were sealed with a waterproof pressure sensitive tape, and the 
box was then dipped in the waterproofing agent under test, one-half at a 
time, allowing at least a | in. overlap. Kach material was tested both as a 
single and as a double coating. The waterproofing agents were allowed to 
dry at room temperature without forced draft for approximately the time 
indicated in Table I. The boxes were then immersed in water and left until 
failure, or for one month, whichever period was shorter. 

Those materials that showed promise in the initial test were subjected to a 
rough handling test. Four cartons were given a single dip, and four a double 
dip in the medium. The packages were then placed in a wooden master 
container capable of holding 32 packages (two layers, each accommodating 
four by four cartons). The master container was a style two nailed wood 
box, constructed according to Canadian Packaging Committee Code No. 11.* 
The test packages were placed along the side of the box, and excess space in 
the centre was filled with dummy cartons containing sawdust. The loaded 
master container was stored at —40° F. overnight, followed by subjection to 
20 free falls of three feet each (five falls on each long edge). Test packages 
were then removed from the wooden box, allowed to reach room temperature, 
and immersed in water. 

As a further test of flexibility, the agents used in the rough handling test 
were subjected to a low temperature bend test. For this trial, strips of 50 lb. 
kraft (ream weights refer to 500 sheets, 24 X 36 in.) 1 in. by 8 in. were given 
single and double dips in the waterproofing medium, allowed to dry, stored at 
the temperature of test ( — 10° F. and —40° F.) for two hours, bent quickly 
(less than one second) around a ] in. diameter rod, and then examined for 
cracking or flaking. 

An accelerated ageing test was also done on these materials. Single and 
double dipped packages were stored at 140° F. (low humidity , approximately 
6%) for one month, and then subjected to water immersion. 

* Boxes, Wooden, Nailed. Can. Packaging Committee Code 11. Currently available from 
Forest Products Laboratories, Dept, of Mines and Resources, Ottawa, Canada . 
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TABLE I 

Initial test of waterproofing agents 
(Each result based on two packages) 


Material 

Approximate 
drying time, 

k Results of water immersion, 
time (days) to failure with: 


hr. 

Single coat 

Double coat 

A. Vinylite resin in xylol, methyl ketone, and 
methy l isobutyl ketone 

0.5 

<1 

<1 

B. Vinyl resins in organic solvents containing 
added pigments and plasticizers 

1.5 

6 

>30 

C. Vinyl chloride acetate copolymer, high mole¬ 
cular weight, dissolved in acetone, plasticized 

1.0 

9 

18 

D. Viny 1 resin emulsion plus solvents, plasticized 

1.0 

<1 

<1 

E . Viny I resin emulsion plus solvents, plasticized 

1 0 

<1 

<1 

F . Vinyl and vinylidene resins in acetone and 
acetate solvents 

1.5 

>30 

>30 

G. Cellulose acetate dope 

2.5 

2 

7 

H . Cellulose acetate in acetone and other sol¬ 
vents, plasticized 

18 

2 

16 

la. Nitrocellulose, 21-22% non-volatile, in a solu¬ 
tion of esters, alcohols, and hydrocarbons, 
plasticized 

| 2 0 

>30 

>30 

lb . Nitrocellulose, 13% non-volatile, in a solution 
of esters, alcohols, and hydrocarbons, plasti¬ 
cized 

2 0 

>30 

>30 

J. Nitrocellulose in a mixture of ester solvents, 
plastici/ed 

0 25 

18 

15 

K, Styrene resin solution 

2 0 

<1 

<1 

L• Chlorinated rubber solution, plasticized 

0.25 

<1 

<1 

M. Corn protein - resin solution 

1.0 

<1 

<1 

N* Treated wood oil driet combination (leaves 
no surface film) 

1 5 

<1 

<1 

0. Alkyd, phthalic anhydride content 34% (on 
solid basis), linseed oil modified, petroleum 
spirit solvent 

48 

<1 

<1 

P. Microcrystalline wax: softening point, 150°- 
155°F.; penetration (100 gm. at 77^F.), 40-45- 
flexibility good, see Table III 

1-2 Min. 

<1 

6 
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Since the shortest drying time possible would be desirable in the application 
of these materials, the drying time of the more promising samples was deter¬ 
mined by a blocking test. Strips of SO lb. kraft, 1 in. by 4 in., were dipped in 
the waterproofing material and allowed to dry under room conditions for a 
measured time. At the end of this time, four of these strips were placed on 
top of each other, and a 1 lb. weight was placed on top of the pile. The 
samples were stored at 120° F. overnight, then cooled to room temperature, 
and examined for blocking (sticking together). If blocking did not occur the 
drying time was reduced until samples just stuck together after this treat¬ 
ment. 

Results 

Waterproofing materials that left no surface coating on the box, such as N 
(Table 1), failed to produce a watertight package because they did not seal 
the seams and corners of the boxes. Similarly agents that did leave a surface 
film but had very low viscosity failed to seal the seams because most of the 
waterproofing compound ran off the box before it had a chance to dry. 
Materials in this category were A y L, 0, and probably K. The vinyl resin 
emulsions (Z), E) were not satisfactory. 

On the basis of the initial test for water resistance (Table I), nine of the 
materials appeared more promising than the rest and were selected for further 
study. These nine materials are listed in Tables II and III. The rough 
handling and ageing tests ('fable II), indicated that waxes would not be 
suitable for this purpose if severe handling conditions were encountered. 
Agents By F t G f and II were also severely affected by these tests. In addition 
materials By F t and II all required over 15 hr. to dry (Table III), which further 
detracted from their value. It is possible that drying times might have been 


TABLE II 

Rough handling and ageing tlst of packages treated with waterproofing agents 
(Each result based on four packages) 


Material 

Results of water immersion after 
rough handling 

Time (da>s) to failure with: 

Results of water immersion 
after ageing 

Time (days) to failure with: 

Single coat 

Double coat 

Single coat 

Double coat 

B 

<1 

i 

<1 

20 

>30 

C 

20 

>30 

>30 

>30 

F 

2 

4 

>30 

>30 

G 

<1 ’ 

10 

6 

10 

H 

<1 

<1 

8 

8 

la 

<1 

>30 

>30 

>30 

lb 

<1 

>30 

>30 

>30 

J 

>30 

>30 

>30 

>30 

P 

<1 

<1 

<1 

<1 
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TABLE III 

Flexibility and minimum drying time of waterproofing agents 




Temperature of bend test 


Minimum 
drying time, 
hr. 

Material 

—10° F. 

-40° F. 


Single coat 

Double coat 

Single coat 

Double coat 

B 

Pass 

Pass 

Pass 

Cracked 

>15 

C 

Pass 

Pass 

Pass 

Pass 

1.0 

F 

Pass 

Pass 

Pass 

Pass 

>15 

G 

Pass 

Pass 

Pass 

Pass 

0.75 

II 

Pass 

Pass 

Pass 

Cracked 

>15 

la 

Pass 

Pass 

Pass 

Pass 

0.75 

lb 

Pass 

Pass 

Pass 

Pass 

0.75 

J 

Pass 

Pass 

Pass 

Pass 

0.25 

P 

Pass 

Pass 

Pass 

Cracked and 
flaked 

— 


reduced somewhat by using forced air circulation and heating devices, but 
under these conditions it was difficult to avoid the formation of bubbles in 
the coating when the solvent evaporated rapidly. The approximate drying 
time given in Table I does not always agree with that in Table III because the 
time shown in Table I is the time required for the material to be dry to the 
touch, whereas Table III gives the drying time required to eliminate blocking. 
Materials J, C, la, and lb (the last two as double coats) appeared to be 
superior to the other agents and their relative merit fell in that order. It 
will be noted that all of these except C were nitrocellulose formulations, and 
C was a vinyl resin solution. However, it seems likely that some of the other 
materials tested such as chlorinated rubber, cellulose acetate, and polystyrene 
could have been improved considerably by changing their composition some¬ 
what, i.e., by better plasticizing, or by increasing the viscosity either by 
increasing the non-volatile content of the solution or by using more highly 
polymerized resin. 

1 he results indicate that this method of making waterproof packages would 
probably work quite satisfactorily using a waterproofing compound such as J, 
which required only 15 min. to dry under room conditions, and produced 
packages that withstood water immersion for over 30 davs after rough handling 
•at -40° F. 
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ANTIMONY TRICHLORIDE - ETHANOL PRECIPITATION FOR 
THE FLUOROMETRIC DETERMINATION OF 
RIBOFLAVIN IN PORK 1 

By Jessie R. Lewis 2 and Paul R. Gorham 3 

Abstract 

A fluorometric method suitable for routine analyses i& presented in which 
interfering substances m papain-takadiastase extracts of pork are precipitated 
in the presence of 0 02% antimony trichloride and 47 5% ethanol. Antimony 
trichloride prevents the adsorption of riboflavin upon the precipitate Recoveries 
of 95 to 100% are obtained Determinations by this method correlate well 
with those obtained microbiologically for eight samples of fresh pork, four 
cooked, and four uncooked, r = 94, for 20 samples of cured pork, four cooked, 
and 16 uncooked, r = 98 


Introduction 

The fluorometric determination of riboflavin in materials of low potency 
such as pork is made difficult by the relatively high proportion of pigments 
and other fluorescing substances that accompany riboflavin on extraction. 
Various techniques have been used, both singly and in combination, for 
minimizing the effect of these interfering substances: solvent extraction (6, 9, 
13, 15, 26), adsorption and elution (1, 2, 3, 4, 10, 11, 12, 16, 21), precipitation 
(11, 13, 15, 23), permanganate oxidation (1, 2, 3, 5, 10, 11, 12, 16, 17, 18, 
21, 24), and stannous chloride reduction (9, 15, 24). Usually, a correction 
mu{5t be applied foi the fluorescence of non-riboflavin materials that still 
remain Methods for destroying or quenching the fluorescence of riboflavin 
to obtain this correction factor include photolysis (7, 8, 21), reduction with 
sodium hyposulphite* (15, 17, 26), and treatment with strong alkali (19). 

A proposed study of the effect of various curing methods on the retention 
of several of the B-comple\ vitamins in pork muscle required a rapid ribo¬ 
flavin assay that would give results in good agreement with those obtained 
b\ slower microbiological methods The time-consuming adsorption and 
elution step frequently used for low-potency materials was avoided since 
complete adsorption of liboflavin from the extract is questionable (3, 16). 
Extensive trials of several existing methods (15, 19, 22, 23) gave unsatisfactory 
results. This led to the development of the following procedure, which 
utilizes a portion of the papain-takadiastase extract used for assaying other 
members of the B-complex 

1 Manuscript received October 25, 1946 

Contribution from the Division of Applied Biology, National Research Laboratories , 
Ottaua Issued as Paper No 186 of the Canadian Committee on Food Preservation and as 
NRC No 1506 

1 Laboratory Assistant 
3 Biochemist , Food Investigations 

* NaiSiOi 2H%0 , often sold as sodium hydrosulphite , powdered . 
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Procedure 

Weigh into a 250 ml. centrifuge tube 5 to 15 gm. of minced sample and 
add 100 ml. of acetate buffer, pH 4 6, containing 0.4% of a mixture of equal 
parts of papain and takadiastase. Digest at 37° C. with constant agitation 
for 16 hr. Filter through Whatman No. 12 paper into a 200 ml. volumetric 
flask, adjust pH to 6 8 with 4 to 5 ml. N sodium hydroxide, and make up to 
volume. 

Transfer a 25 ml. aliquot of this extract to a 100 ml. centrifuge tube. 
From automatic burettes add, with constant swirling, 1 ml. of 1% antimony 
trichloride in absolute ethanol followed by 24 ml. of 95% ethanol. Stopper 
the tubes, allow 15 min. for precipitation (preferably in the cold), and then 
centrifuge for five minutes at 2000 r.p.m. 



Fig 1 Riboflavin reference curves for various solvents Water or 0 02% antimony 
trichloride m 47 5% ethanol ■, 47 5% ethanol O, 23 75% ethanol Ci 50% acetone A. 
Each value is the mean of duplicate determinations 

Take a 10 ml. aliquot of the supernatant liquid and determine its fluores¬ 
cence with a Coleman No. 12 photofluorometer, using 0 1 /xgm. per ml. sodium 
fluorescein to set the instrument at a reading of 50. Have all samples at 
room temperature when determining fluorescence. For the blank correction, 
add 0.25 ml. of a freshly prepared ice-cold solution containing 2 gm. sodium 
hyposulphite and 0 7 gm. of sodium bicarbonate in 20 ml. of water. Mix 
thoroughly, determine the residual fluorescence, and subtract this reading 
from that initially obtained. From an antimony trichloride - ethanol 
dilution curve (Fig. 1) convert this difference into concentration in micrograms 
per millilitre and multiply by the dilution factor to obtain the riboflavin 
content of the sample. 
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The importance of obtaining the blank correction with as little change in 
hydrogen ion concentration as possible needs to be emphasized. The use of 
strong alkali (19) to shift pH to 11 may largely destroy the fluorescence of 
riboflavin, but may equally well affect the fluorescence of the non-riboflavin 
materials being assessed. Moreover, with pork extract, it was found to create 
a turbidity that affected the precision of measurement. The use of 10 to 
20 mgm. of solid sodium hyposulphite (4, 17) has been recommended, but 
addition by means of a solution is more convenient. Sodium hyposulphite 
readily decomposes in water, producing an acid solution that diminishes the 
fluorescence of non-riboflavin materials in pork extract. The recommended 
solution of sodium hyposulphite is stabilized somewhat by the sodium bicar¬ 
bonate. It has a pH of 6.55, and the addition of 0.25 ml. to 10 ml. of extract 
at pH 6.8 does not alter the hydrogen ion concentration appreciably. 

It should be noted that riboflavin in antimony trichloride - ethanol solution 
appears to the eye to have its yellow-green fluorescence masked by the blue 
fluorescence of the solvent. However, the sharp cutout of the filter transmit¬ 
ting fluorescent light, 90% transmission at 5400 A to 0% at 5100 A, excludes 
all measurement of the blue fluorescence (18). 

Experimental 

Initial attempts were made to clear extracts of cured pork by treatment 
with acetone or ethanol. Thirty-gram samples from eight different cures 
were extracted with papain-takadiastase, filtered, and each made to a volume 
of 200 ml. Aliquots of 25 ml. from six of the extracts were precipitated by an 
equal volume of acetone, and from four of the extracts by an equal volume of 
95% ethanol. The solutions were filtered through Whatman No. 12 paper 
and the fluorescence of the filtrates was measured. Since riboflavin fluoresces 
more strongly in acetone or ethanol solution than it does in water (Fig. 1), 
the measurements were referred to dilution curves for the appropriate solvent 
in order to calculate the riboflavin content of the samples. Comparative 
microbiological determinations* were made upon the eight extracts. The 
results, expressed on a fresh-weight basis, are presented in Table I. The 
solvent precipitation and microbiological values were generally in poor 
agreement. 

Significant losses of riboflavin occurred when small amounts of phospho- 
tungstic acid, silver nitrate, copper hydroxide, or zinc hydroxide were added to 
pork extract treated with ethanol. The addition of 10 to 30 mgm. of antimony 
trichloride to 50 ml. of a mixture of equal parts of pork extract and 95% 
ethanol, however, appeared to improve clarification without causing loss of 
riboflavin. 

Six uncooked (15 gm.) and three cooked (10 gm.) samples of cured pork 
were extracted and each made to a volume of 200 ml. Two aliquots of 20 ml. 
were taken from each extract. Five millilitres of water containing 5 /xgm. 

* All microbiological determinations were made by the method of Snell and Strong (25) 
modified by additions to the basal medium. 
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TABLE I 

Comparative riboflavin assays of cured pork by three different methods, 

CALCULATED ON A FRESH-WEIGHT BASIS 


Sample 

Acetone precipitation 

Ethanol precipitation 

Micro¬ 

biological 


Reading 

Blank 

/igm./gm. 

Reading 

Blank 

/igm./gm. 

M gm./gm. 

1 

28.5 

8.0 

1.1 

i 



1.6 

2 

37.0 

9 5 

1.5 

— 

— 

— 

1.9 

3 

53.5 

7.5 

2.6 

— 

— 

— 

4.0 

4 

45 0 

7.5 

2.1 

— 

— 

— 

3.2 

5 

25 5 

6 5 

1.1 

25.5 

4.5 

1.2 

2.0 

6 

30.0 

1 7.5 

1.3 

32.0 

6.5 

1.5 

2.5 

7 

— 

— 

— 

55.0 

10.0 

2.8 

3.7 

8 («) 

— 

— 

— 

20.5 

1.5 

2.2 

3.6 

8IW 

— 

— 

— 

19.5 

1.5 

2.1 

3.6 


of riboflavin was added to one aliquot and 5 ml. of water was added to the 
other. All samples were cleared by the addition of 1 ml. of 1% antimony 
trichloride in absolute ethanol followed by 24 ml. of 95% ethanol, and centri¬ 
fuging at 2000 r.p.m. for five minutes. An aliquot of the supernatant solution 
was taken and its fluorescence determined. The amount of riboflavin in 
20 ml. of extract was calculated from a reference curve for 0.02% antimony 
trichloride in 47.5% ethanol (Fig. 1). The fluorometer readings, blank 
corrections, amounts of riboflavin per aliquot, and percentage recovery are 
given in Table II. By repeatedly checking the photofluorometer against the 
fluorescein standard, and making all readings to the nearest 0.25 of a scale 
division, recoveries of 95 to 100% were obtained. 

A somewhat different form of recovery experiment was performed upon an 
extract of fresh pork to compare the effects of clarification by ethanol, acid 

TABLE II 

Recover\ oi* riboflavin added to extracts of cured pork 


Sample 

Initial 

5 Atgm. added 

Recovery, 

% 

Reading 

Blank 

jugm./20 ml. 

Reading 

Blank 

^gm./20 ml. 


Uncooked: 








1 (a) 

15.0 

4 0 

2 75 

35.0 

4 0 

7 75 

100 

1 (b) 

15 0 

4 0 

2 75 

35.0 

4.0 

7 75 

100 

2 

9 75 

3.0 

1 69 

29.75 

3 0 

6.69 

100 

3 

18.25 

5.5 

3 19 

37.5 

5.5 

8.00 

96 

4 

17 5 

5 25 

3 06 

37 5 

5.25 

8 06 

100 

5 

16.5 

3.5 

3.25 

35.5 

3 5 

8.00 

95 

Cooked: 








5 

20.25 

5.5 

3.69 

40.25 

5.5 

8.69 

100 

6 

15.5 

6.0 

2.38 

35 5 

6.0 

7.38 

100 

7 

20.25 

8.5 

2 94 

40 25 

8 5 

7.94 

100 
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ethanol, and antimony trichloride - ethanol. The extract from 90 gm. was 
adjusted to pH 6. 75 and made to a volume of 1200 ml. The following amounts 
of riboflavin: 0, 1.25, 2.5, 3.75, 5.0, 7.5, and 10.0 jugm., each contained 
in 5 ml. of water, were added to 20 ml. aliquots of the extract. Twenty-five 
millilitres of 95% ethanol was added to each, and, after centrifuging, fluoro- 
metric readings were made. In a second series, 25 ml. of 95% ethanol made 
to pH 2.62 with a few drops of concentrated hydrochloric acid was used. A 
third series employed 1 ml. of 1% antimony trichloride in absolute ethanol 
and 24 ml. of 95% ethanol (in combination these have a pH of 2.62) for 
precipitation. The hydrogen ion concentration of each series of clarified 
extracts was determined. A reference curve for acid ethanol proved to be 
the same as the curve for water. In Table III, the riboflavin contents of the 
initial aliquots have been calculated from reference curves for the appropriate 
solvents. In the same way, increments in fluorescence caused by added 

TABLE III 


THr MFECT OF THRM CLARIFICATION TREATMENTS UPON THE RrCOVERY OF 
RIBOI LAVIN ADDED TO AN EXTRACT OF FRESH PORK 



Initial 

1 

Recover*, /*gm /20 ml. 


1 reatment 

Reading 

Blank 

/Ltgm /20 ml 

Added riboflavin 

Average 

pH 


1 25 

2 50 

3 75 

5 00 

7 50 

10 00 


Ethanol 

15 5 

3 5 

2 40 

1 00 

2 25 

3 25 

4 70 

7 10 

9 65 

6 90 

Acid ethanol 

15 5 

3 0 

5 13 

1 25 

2 50 

3 75 

5 00 

7 50 

10 00 

6 75 

Antimonv trichloride 
ethanol 

15 0 

3 0 

^ 00 

1 25 

2 50 

3 75 

5 30 

7 50 

10 00 

6 65 


riboflavin have been calculated as recovered riboflavin. Recoveries were 
lower and the blank was slightly higher with ethanol clarification than with 
the other two treatments. Ethanol somewhat decreased the hydrogen ion 
concentration as well. 

Since the antimony trichloride - ethanol precipitates appeared more dense, 
a test was made to determine whether this treatment precipitated more 
material from the extract than did the acid ethanol or ethanol. This was 
done by means of nitrogen determinations since the reaction of antimony 
trichloride with water to precipitate antimony trioxide (20, p. 473) precluded 
weighing. The precipitates from the foregoing experiment were pooled by 
treatments. Each combined precipitate was washed twice with 47 5% 
ethanol, dispersed in water, and made to 50 ml. Duplicate micro-Kjeldahl 
determinations were run on each as well as on a sample of the unprecipitated 
extract. The amount of nitrogen precipitated from the enzyme-hydrolysed 
pork extract was not great. Antimony trichloride - ethanol precipitated 
4 0%, acid ethanol 3.4%, and ethanol 3.2% of the total nitrogen in the 
extract. 
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The antimony trichloride - ethanol procedure was used for the determina¬ 
tion of riboflavin in four samples of fresh and four samples of cooked pork. 
Sampling and analyses were carried out in duplicate and the results compared 
with microbiological determinations on the same extracts. The means of dup¬ 
licate determinations by the two methods were highly correlated (r = .94), as 
illustrated by Fig. 2A. The standard error of a single determination was 




PIBOPLAMN, jagm /gm 

(ANTIMONY TRICHLORIDE— ETHANOL METHOD) 

Fig 2 Correlations of riboflavin determinations by the antimony trichloride - ethanol 
and microbiological methods All values calculated on fresh-weight basis 

A Means of duplicate determinations on fresh pork, uncooked and cooked. 

B Single determinations on cured pork, uncooked and cooked 

± 0 16 /xgm. per gm. for the fluorometric method and ± 0 08 for the 
microbiological method. The standard error of prediction of the micro¬ 
biological value from the fluorometric value was ± 0 19 for the means of the 
two determinations, and was only slightly greater than the expectation from 
the variance of duplicates alone. Twenty samples of cured pork, four cooked 
and 16 uncooked, were extracted and single determinations of riboflavin were 
made by both microbiological and antimony trichloride - ethanol methods. 
The correlation coefficient for the determinations by the two methods was 
98 (Fig. 2B). 

Discussion and Conclusions 

Acetone and ethanol both intensify the fluorescence of riboflavin, so that 
the linear relations with concentration are different from the relation for 
water or antimony trichloride - ethanol (Fig. 1). Antimony trichloride in 
contact with water forms hydrochloric acid and a bulky white precipitate, 
antimony trioxide (20, p. 473). It is this hydrochloric acid that decreases 
the fluorescence of riboflavin in ethanol for the same reference curve as that 
for water was obtained when a few drops of concentrated hydrochloric acid 
were substituted for the trichloride. 

Solvent precipitation as a means of removing interfering substances has 
been no^ed as untrustworthy (IS) because riboflavin may become adsorbed 
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on the precipitate. The fact that ethanol and acetone precipitation both 
gave results that were lower than those obtained microbiologically (Table I) 
tends to confirm this view. With antimony trichloride - ethanol precipita¬ 
tion, however, good agreement with microbiological assays (Fig. 2) and good 
recoveries of added riboflavin (Table II) were found. Low recoveries over a 
fairly wide range of concentration occurred when ethanol clarification was 
tested, but the addition of hydrochloric acid or antimony tricholoride to the 
ethanol resulted in almost perfect recoveries (Table III). This suggests that 
the presence of hydrochloric acid released by the antimony trichloride prevents 
the adsorption of riboflavin upon the precipitate. 

It may be inferred from the good recoveries obtained using an external 
reference curve, that antimony trichloride - ethanol does not alter the fluores¬ 
cence of riboflavin in pork extract. Therefore, an internal reference standard 
(6, 19, 22) with its more involved calculation is unnecessary. The external 
reference curve is so reproducible that routine calculations may be simplified 
further by multiplying the corrected readings by the factor 0.005 to convert 
them to concentrations in micrograms per millilitre. 

In view of the high degree of correlation between microbiological and 
antimony trichloride - ethanol results, this method has been adopted by 
these laboratories for the routine assay of riboflavin in pork products. 
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PRESERVATION OF EGGS 

VI. EFFECT OF VARIOUS OILS AND OILING TEMPERATURES ON THE 
KEEPING QUALITY OF SHELL EGGS STORED AT 70° F. AND 30° F.* 

By N. E. Gibbons, 2 Ruth V. Michael, 3 and Ursula Irish 3 


Abstract 

The quality of eggs oiled when one day old with eight commercial oils and 
six mixtures and stored at 70® and 30° F. was assessed by candling, yolk index, 
and thick white height. Mineral oils with Saybolt viscosities of 70/100 at 
100° F. maintained egg quality and prevented weight loss better than oils of 
lower viscosity. Viscosity of the oil seemed more important than pour point, 
although at 30° F. there was some indication that a high pour point was advan¬ 
tageous. Oiled eggs maintained their grades two to three times longer than 
unoiled eg£s and lost from -fa to i as much weight. Heavy oil diluted with 
mineral spirits did not give as good results as lighter oils of comparable viscosity. 
The addition of vaseline and magnesium stearate improved the action of the 
light oils. 

There was little difference in the quality of eggs dipped into oils maintained 
at 76°, 100°, and 130° F. 


Introduction 

In 1944 the British Ministry of Food requested the shipment of shell eggs 
to Britain and suggested that eggs placed in storage for shipment in the fall 
should be oiled. Although there are many reports on oils used for oiling eggs 
in the United States (e.g. 3, 6, 8, 9), little has been done in Canada. There 
is also some question as to whether the eggs should be oiled in cold or warm 
oil.* The present investigation was undertaken to determine which were the 
most suitable of the available oils and the effect of different temperatures 
of oiling. 

Materials and Methods 

The oils usually recommended for eggs are white mineral oils with low 
viscosities and high pour points. Oils of this type were obtained from a 
number of firms. Their characteristics as reported by the manufacturers, 
and as determined in these laboratories and by the N.R.C. oil testing labor¬ 
atory, are given in Table I. 

The main function of the oil is to seal the shell against water loss. The 
prevention of loss of carbon dioxide would also seem desirable so that the 
addition of substances more impervious to gas was indicated. Vaseline makes 
an excellent preservative but the thick films are messy and unsightly (7). In 
an attempt to seal the shell without the disadvantages of thick films one of 
the oils (G) was fortified with vaseline, or with magnesium stearate plus 

1 Manuscript received Octdber 9, 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa. Issued as Paper No. 183 of the Canadian Committee on Food Preservation and as N.R.C. 
No. 1500 . 

1 Bacteriologist , Food Investigations. 

* Formerly Biochemist , Food Investigations. 

* Shell Egg Committee of the Institute of American Poultry Industries . U.S. Egg & 
Poultry Mag. 48 : 302. 1942. 
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TABLE I 

Physical properties of oils used, arranged in order of decreasing viscosity 



A 

B 

C 

D 

E 

H 


H 

Laboratory findings 

Viscosity, Saybolt 

Universal sec., 100° F. 1 

100 

89 

81 


60 

59 

52 

51 

Sp. gr.. 60° F./60® F. 

875 

850 

.847 


.833 

.833 

.833 

.830 

Pour point, °F. 

5 

15 

10 


45 

45 

30 

35 

Flash point (O.C.), °F. 

375 

385 

370 


340 

340 

320 

320 

U.S.P. acid test 

Fail 

Pass 

Pass 

Pass 

Fail 


Pass 

Pass 

Viscosity, S.U. sec , 76® F. 

168 

120 

109 

98 

79 


64 

63 

100° F. 

101 

87 

82 

69 

60 


52 

51 

130° F. 

76 

63 

60 

55 

50 


44 

44 

Manufacturers’ specifications 
Sp. gr., 60° F./60® F. 
Viscosity, S.U. sec., 100° F. 

77/82 

850/ 860 
85/90 

835/ 845 
70 

.835/850 

70/80 

825/ 840 
50/60 

50/60 

820/.830 
50/60 

.825/.835 
50/55 

Pour point. °F. 

25 

30 

25 

45 

45 

45 

40 

35 

Flash point. °F. 

355 

345 

310 

345 

325 


300 

280 

Fire point, °F. 

Colour, Saybolt 

385 

30 + 

395 

30 + 

350 

30 + 

395 

30 + 

365 

30 + 


30 + 

30 + 


1 Calculated from centistokes. 


Nacconal. A heavy oil (350 viscosity) was diluted with an odourless kerosene 
in the proportions of 60 :40 and 70:30. The viscosities of these mixtures 
are given in Table II. 

TABLE II 


Saybolt viscosities at 76°, 100°, and 130° F. of the oil combinations used 


I 

i 

76° F. 

Viscosity at 

100° F. 

130° F. 

I 

350 oil -+ kerosene 70 : 30 

102 

76 

55 

J 

350 oil 4 * kerosene 60 : 40 

72 

55 

45 

K 

Oil C -f 7% vaseline 

69 

58 

46 

L 

Oil 0 +5% vaseline 

68 

53 

45 

M 

Oil G -1- 0 2% magnesium stearate + 0 015% 





Nacconal 

66 

53 

44 

N 

Oil G + 0.3% magnesium stearate -{-0.015% 





Nacconal 

64 

52 

44 

; 


The eggs were obtained from one producer who maintains a large, well 
managed flock of White Leghorns to which no new blood has been added 
for a number of years. The eggs were gathered in the morning, cooled for a 
few hours, packed in new Keye.i trays and cases, and shipped so as to arrive 
at the laboratory the next morning. On receipt, they were candled, and 
cracked and off-grade eggs discarded. The eggs had not been cleaned and 
some had small spots of faecal contamination; the most noticeable of these 
were brushed off. The majority of the eggs were large but some of medium 
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size were distributed at random throughout the trays. Oiling was begun as 
soon as the eggs reached 50° F. to avoid surface moisture (dew point 45° F.). 
They were therefore oiled when one day old. 

The oil was applied at the three temperatures commonly used; room tem¬ 
perature (in this case 76° F.), 100° F., and 130° F. The eggs were dipped 
nto the oil for a few seconds, drained for approximately two minutes, and 
returned to the original trays. 

The eggs were weighed in tray lots of 30 eggs in a clean tray before oiling, 
and after oiling and draining overnight, to determine the amount of oil retained 
on the shell. They were also weighed in lots of six for determination of 
weight loss. 

Two lots of eggs were received and oiled on successive days. Those used 
as controls were not broken out until the day after the others had been oiled, 
i.e. they were two days old. Two dozen were examined from each lot and 
the average of these was taken as the initial value. 

The eggs were stored in wooden export cases at 70° F. (2t° C.) (about 
40% R.H.*) and at 30° F. (-1.1° C.) (about 55% R.H.). The eggs stored 
at 70° F. were examined after 4, 6, 8, 10, and 12 weeks; those at 30° F. were 
examined after 8, 16, 24, 32, and 40 weeks. 

At each sampling, one dozen eggs were removed, candled, and broken out 
on a glass plate to check quality. Kgg quality was assessed by candling, the 
height of the thick albumen (10), the yolk index (5), and the pH of the mixed 
thick and thin white. The pH was measured with a Beckman pH meter 
and the instrument was frequently checked with a standard 7.8 buffer. 

Results 

Effect of Oils 

At both storage temperatures candling results showed that the most notice¬ 
able effect of oiling was the prevention of evaporation. Usually the range 
allowed in the size of the air cell corresponds to the yolk shadow standards 
found in each grade (2). However, in oiled eggs evaporation was so slow that 
yolk shadow was the only criterion by which grade could be really assessed. 
At 70° F. control eggs had large air cells (Grade C) in six weeks whereas all 
oiled eggs at 10 weeks had air cells in. or less in height (Grade A). With 
some oils this still held true at 12 weeks. By this time eggs treated with the 
poorest oils and mixtures graded B on air cell size. In spite of the slight 
amount of evaporation, the yolk shadows became more distinct on storage. 
Most of the controls were graded C on yolk shadow at six weeks, w T hereas 
most of the oiled eggs were graded A and B. After 10 weeks* storage, the 
controls were *no grade* and the oiled eggs were practically all Grade C on 
the basis of yolk shadow. Of the 504 oiled eggs examined after 12 weeks* 
storage only nine were classed as no grade before the lamp. 


* R.H. « relative humidity. 
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At the lower storage temperature the control eggs were graded B after 
16 weeks’ storage and C after 40 weeks. The majority of the oiled eggs were 
still Grade A after 32 weeks. At 40 weeks the air cells were on the border 
line between Grade A and B but based on yolk shadow most of the eggs were 
Grade B. Actually, of 504 eggs, 135 were graded as A , 362 as B, six as C, 
and one as no grade. 

The value of oiling in maintaining quality at 70° F. is also apparent from 
the results presented in Table III. After 12 weeks the weight loss with the 
best oils (A , B , (7, H) is xV or less of that of the unoiled controls while with 
the poorest oil it is 1 of that of the controls. The yolk index (with the 
exception of Oil G ) and white height after 12 weeks’ storage is greater in the 
oiled eggs than in the controls after only four weeks’ storage. 


TABLE III 

Quality tests on oiled and unoiled eggs after 4 and 12 weeks’ storage at 70° F. 
Average values per lgg over three oiling temperatures. Oils arranged 
in order of decreasing viscosity 


Oil 

Weight loss, gm. 

Yolk index 

Thick white 
height, in. 

pH 


4 wk. 

12 wk. 

4 wk. 

12 wk. 

4 wk. 

’2 wk. 

4 wk. 

12 wk. 

Unoiled 1 

3 64 

11.80 

.296 

.174 

.10 

.08 

9.29 

9.30 

A 

0.29 

1 00 

394 

.346 

.18 

16 

8.36 

8.20 

B 

0 38 

0 87 

.398 

.357 

.19 

15 

8 32 

8.30 

C 

0 41 

0 81 

404 

352 

.18 

16 

8 30 

8.25 

D 

0 22 

1 05 

.398 

348 

.19 

.18 

8 35 

8.30 

R i 

0 27 

1 24 

402 

.343 

18 

16 

8.40 

8.48 

F 

0 40 

1.14 

400 

.339 

.18 

15 

8 34 

8.39 

G 

0 41 

2 70 

.403 

.281 

.19 

12 

8 43 

9.24 

H 

0 48 

1.90 

.396 

.305 

.18 

.14 

8 46 

8.60 

I 

0.26 

1 25 

.415 

.333 

.19 

.14 

8.31 

8.32 

J 

0.66 

2 66 

.410 

.288 

.18 

.12 

8 59 

8 82 

K 

0 38 

1 44 

.406 

336 

.19 

.16 

8 40 

8.64 

L 

0 40 

1 46 

.418 

.337 

.19 

.15 

8.36 

8.62 

M 

0 39 

1 56 

403 

.339 

.20 

.16 

8 33 

8 44 

N 

Necessary 

0 34 | 

1 38 

.407 

.341 

.19 

.15 

8.28 

8.54 

difference 2 

0 

14 

0 020 

S 0 017 

1 

0.21 


1 Original values—yolk index, .454; thick white height, 0.26 in.; pH 8.68. 

2 Necessary difference applies to oiled eggs only. 


The original pH value is high as the eggs were not examined until the day 
after the others had been oiled. The true original value is probably between 
this value and that given for the oiled eggs at four weeks. With the poor 
oils (G and H ), carbon dioxide was apparently lost throughout the test and 
the pH increased with time. In all of the others there seemed to be a retention 
of carbon dioxide and the pH decreased until the 8th or 10th week of storage 
and th°n increased. 
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The analysis of variance of these results (Table IV) indicates that most of 
the variance due to oils can be attributed to the poor oils and mixtures 
0 G , H , J). Much of the remaining variance is no doubt due to Mixture I. 
From the necessary differences (Table III) it will be seen that when the above 
four oils are removed there is no significant difference between yolk indices 
with any of the other oils and little of significance with white height. With 
weight loss and pH the oils fall into two groups, Oils A, B, C, and D giving 
better results than the other oils and mixtures. 


TABLE IV 

Analysis of variance on data for oiled eggs only, stored at 70° F. 


Source of variance 

Degrees 

of 

freedom 

Weight 

loss, 

mean 

square 

Yolk 

index, 

mean 

square 

White 

height, 

mean 

square 

Degrees 

of 

freedom 

pH, 

mean 

square 

Oils 

13 




13 


G t H, J vs. others 

1 

158,383** 

21,249** 

122 67** 

1 

29,544** 

Residual 

12 

4513** 

289* 

2 60* 

12 

679** 

Temperature of oiling 

2 


286 

0 18 

1 

1585** 

Storage time 

4 


33,894** 

109 83** 

4 

3774** 

Oils X temp. 

26 


275* 

3 84** 

13 

184 

G, H, J vs. others X 







temperature 

2 

270 

53 

5 30 

1 

55 

Residual 

24 

645 

293 

3 72 

12 

195 

Time X oils 

52 




52 


G, H, J vs. others X 







time 

4 

11,923** 

2722** 

9 74** 

4 

1305** 

Residual 

48 

836** 

192 

1 67 

48 

294** 

Time X temp. 

8 

384 

397* 

0 58 

4 

279 

Oils X time X temp. 

104 

301 

156 

1 13 

52 

| 113 


* Exceeds 5% level of statistical significance. 
** Exceeds 1% level of statistical significance. 


Heavy oil diluted with mineral spirits did not give as good results as the 
lighter oils of comparable viscosity. The addition of vaseline and magnesium 
stearate improved the action of the light oil used but not to the level of the 
better oils. 

The results of storing at 30° F. are with few exceptions much the same as 
at the higher temperature (Table V). With Oil C there was a greater loss in 
weight between the 32nd and 40th week than was expected. This was notice¬ 
able in each of the three lots of eggs oiled at different temperatures. Oils D , 
E, and F , which have high pour points, preserved quality better at this 
temperature than at 70° F. Oil H was also much better at the lower 
temperature. 

As at the higher temperature, the weight loss with the oiled eggs was from 
^ to i of that of the controls. In all but two instances the total loss 
over 40 weeks of storage was less in the oiled eggs than in the control eggs 
after eight weeks. The yolk index and white height of the oiled eggs at 40 
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TABLE V 

Quality tests on oiled and unoili d eggs after 8 , 24, and 40 weeks at 30° F. 

AVERAGF VALUrs PER EGG OVER THREE OILING TEMPERATURES. 

Oils arranged in order of dhxreasing viscosity 


Oil 

Weight loss 

gm 

Yolk index 

1 hick white height, in 

pH 

8 wk 

24 wk 

40 wk 

8 wk 

24 wk 

40 wk 

8 wk 

24 wk 

40 wk 

8 wk 

24 wk 

40 wk. 

l noiled* 

1 46 

4 27 

7 20 

440 

404 

390 

21 

20 

20 

8 86 

8 88 

9 01 

A 

0 07 

0 43 

0 71 

456 

449 

441 

22 

20 

21 

8 12 

8 06 

8 29 

B 

0 23 

0 42 

0 77 

449 

457 

437 

23 

21 

20 

8 00 

8 04 

8 30 

C 

0 22 

0 50 

1 11 

452 

439 

435 

23 

21 

20 

8 14 

8 10 

8 25 

D 

0 14 

0 SS 

0 95 

451 

451 

414 

23 

21 

21 

7 98 

7 98 

8 56 

E 

0 21 

0 47 

0 84 

479 

444 

444 

24 

22 

22 

8 24 

7 98 

8 22 

F 

0 18 

0 44 

0 77 

439 


431 

22 

20 

21 

8 04 

8 02 

8 06 

G 

0 25 

0 87 

1 73 

442 

437 

407 

22 

20 

19 

8 21 

8 44 

8 70 

H 

0 11 

0 52 

0 89 

456 

438 

450 

23 

20 

22 

8 22 

8 26 

8 30 

I 

0 19 

0 96 

1 04 

457 

430 

413 

23 

21 

21 

8 20 

8 22 

8 35 

J 

0 25 

1 29 

1 66 

447 

418 

416 

23 

19 

21 

8 32 

8 68 

8 60 

K 

0 11 

0 41 

0 71 

442 


434 

23 

21 

23 

8 12 

8 22 

8 21 

L 

0 18 

0 42 

0 90 

446 

453 

4 39 

23 

21 

23 

8 11 

8 19 

8 32 

M 

0 19 

0 45 

1 04 

457 

444 

429 

24 

24 

23 

8 14 

7 96 

i 8 46 

N 

0 13 

0 56 

0 84 

434 

444 

429 

23 

21 

21 

8 02 

8 24 

8 38 

Necessary 













difference’ 


0 17 



0 016 



0 02 



0 16 



1 Original values—yolk index, 454 , thick white height, 0 26 m.; pH 8 68. 

2 Necessary difference applies to oiled eggs only. 

weeks were as good as those of the unoiled eggs at 16 weeks. The final pH of 
all oiled eggs was much lower than that of the controls at eight weeks. 

Effect of Oiling Temperature 

During storage at 70° F. no significant effects of temperature of the oil 
at time of oiling could be found on white height, yolk index, or weight loss 
(Table IV). The pH was followed only in eggs oiled at 76° and 130° F.; 
eggs oiled at the lower temperature maintained a significantly lower pH 
throughout the storage period. 

With eggs stored at 30° F. the temperature at which the oil was applied 
had no significant effect on weight loss, yolk index, or pH (Table VI). There 
was a significant effect with white height, the height being slightly lower in 
the eggs oiled at 76° F. 

Amount of Oil Retained by the Eggs 

The amount of oil retained by the eggs averaged from 1.0 to 2.4 gm. per 
tray of 30 eggs (each figure being the average of six trays), or 0.03 to 0.08 gm. 
of oil per egg. This is in agreement with Mailman's finding (6) of 0.06 to 
0.07 gm. per egg. There was no apparent relation between amount of oil 
retained and the viscosity or temperature of the oil. It should be noted that 
these results were obtained after 24 hr. With the usual commercial equip¬ 
ment it has been found that it requires about twice as much oil having a 
viscosity of 70/90 as oil with a viscosity of 50/70. Warming the oil effects 
some sa ving. 
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TABLE VI 

Analysis of variance on oiled eggs only, stored at 30° F. 


Sources of variance 

Degrees 

of 

freedom 

Weight 

loss, 

mean 

square 

Yolk 

index, 

mean 

square 

White 

height, 

mean 

square 

Degrees 

of 

freedom 

pH, 

mean 

square 

Oils 

13 

6173 7** 

666.8** 

3.46** 

13 

1668.5** 

Temp, of oiling 

2 

270.5 

7 0 

9.00** 

1 

236.0 

Oils X temp. 

26 

160 2 

152 9 

1 65 

13 

71.2 

Time 

4 

44,348 5** 

3572 7** 

26 50** 

4 

2622.0** 

Oil X time 

52 

599.9** 

271 5** 

2 92** 

52 

286.5** 

Temp. X time 

8 

130 2 

131 0 

3 63* 

4 

45.5 

Oil X temp. X time 

104 

104.6 

100.5 

1.64 

52 

62.2 


* Exceeds 5% level of statistical significance. 
** Exceeds 1% level of statistical significance. 


Discussion 

The eggs used in this experiment were one day old when treated, which is 
said to be the ideal time for maintaining quality by oiling (4). The results 
indicate that oils with a Saybolt viscosity of 70 to 100 at 100° F. are more 
suitable for maintaining egg quality than the lighter oils. In general pour 
point was not as important as viscosity; at 30° F. however, a high pour point 
seemed to be of some advantage. The use of oil at temperatures higher than 
room temperature offered no advantage in preserving quality or in the amount 
of oil retained. 

These findings arc in the main in agreement with previous reports. Evans 
(3), using oils at about 70° F., found that those of higher viscosity preserved 
interior quality better than the less viscous ones. When applied at 239° F. f 
oils with a viscosity of 134 Savbolt seconds were found to be more effective 
than those with a viscosity of 44 (1). Although in the present experiments 
the oils were used at much lower temperatures, the conclusions are similar. 
When a light oil was used, oiling at 60° F. was said to be better than oiling at 
80° F, (9). The results presented here show that there was little difference 
between light and heavy oils applied over a much wider range of temperature. 
The use of oils at elevated temperatures seems to be a trade practice originating 
in a desire to save oil. 

Although it seems reasonable that pour points above the storage tem¬ 
perature should give better results (8) the present work does not altogether 
support this claim. Some’of the best oils had very low pour points according 
to the laboratory tests, and even according to the manufacturers’ specifications 
the pour points were lower than the storage temperature. However oils with 
the same viscosity and different pour points were not available for comparison. 
Judging from the data presented in the above mentioned paper (8) there is 
an interrelation between viscosity* and pour point. 
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Others (3) have noted that the reduction of the viscosity of an oil with 
solvents decreases its efficiency as an egg preservative; an oil having an original 
viscosity of 75 was diluted with 10% solvent to give a mixture with a viscosity 
of 58 to 62 Saybolt sec. at 100° F. The results were similar to those reported 
above (Table III, Oil I) when an oil with a viscosity of 350 was diluted to a 
final viscosity of 76. 
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DRIED WHOLE EGG POWDER 

XXIV. SOME FACTORS AFFECTING COLOUR* 

By H. Tessier, 8 J. R. Marier, 3 and Jesse A. Pearce 4 


Abstract 

A nine filter colour comparator was used to compare egg powders with stiips 
showing the colour of dried egg as received in the United Kingdom. Drying 
either fresh or frozen eggs did not affect powder colour but Grade B and Grade C 
eggs gave a product with a more intense yellow colour than Grade A eggs. The 
area of Canada in which eggs were produced did not affect the colour of the 
subsequent powder appreciably but powders prepared from eggs produced in 
May to July, 1945 were a more intense yellow than those from eggs produced in 
January to April of the same year. Exposure of the liquid egg to light before 
drying resulted in powders of a duller grey colour than wnen the liquid was kept 
in the darkness. Commercial cone-type driers gave powders of a more intense 
yellow than commercial box-type driers, while powders prepared on the labora¬ 
tory drier were paler than those prepared on the commercial driers. Coarse 
powders scattered less of the impinging light than fine powders but the colour 
quality of the scattered light was unaffected. The addition of a mixture of two 
dyes, Tartrazine and Sunset Yellow, to liquid egg before drying improved the 
colour of the resulting powder. 


Introduction 

Dried whole egg powder shipped from Canada to the United Kingdom was 
usually considered to be of excellent quality. However, a general complaint 
was made about the pale yellow colour of the powder and about a pinkish 
tinge that appeared in some powders. These complaints arise from differences 
in colour preferences of the people in the two countries. In England, an egg 
with a dark yellow yolk is usually preferred, while Canadians usually like an 
egg with a pale yolk. This and Canadian economics have led to the use of 
diets for Canadian egg layers that will produce a pale yolk, hence the undesir¬ 
ably pale colour of Canadian egg powder. 

Although work in these laboratories (4) and elsewhere (2) had described the 
darkening that occurred in egg powder during storage, there was little inform¬ 
ation about other factors that may affect powder colour. Some of these, 
examined in the present study, are: the type of drier, the time of year and 
area of the country in which the eggs were produced, the quality of the eggs, 
and exposure of the liquid egg to light. In addition, powders containing 
added colouring were examined. 

The present paper describes colour measurements on variously treated 
powders using a nine filter comparator designed in these laboratories (5). 
Description of the results was facilitated by referring the measurements to a 

1 Manuscript received July 22, 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa . Issued as Paper No. 187 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1512. 

2 Laboratory Steward , Food Investigations. 

1 Laboratory Assistant, Food Investigations. 

4 Biochemist , Food Investigations. 
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set of coloured strips depicting the colour of egg powders received in the 
United Kingdom and kindly supplied by the Low Temperature Research 
Station at Cambridge, England. 

Materials and Methods 

Since the studies described here were diverse in naturfc, descriptions of the 
materials used will be given in the various subsections of the results. 

Both the brightness or intensity and the chroma or colour quality of the 
samples were measured by a nine colour method used earlier for meat (5) and 
eggs (4). By this method, colour quality was determined as the light scattered 
by the sample within any one of nine colour bands (5). The light scattered 
in any one band is expressed as a fraction of the total light scattered by the 
sample in relation to the light scattered by the standard white surface of 
magnesium carbonate. The brightness of the sample was determined as an 
item separate from the analysis of colour quality. 

Wherever possible, the colour data were treated by statistical methods, and 
the values for factors having no significant differences were grouped, averaged, 
compared with colour data for the Low Temperature Research Station 
(L.T.R.S.) coloured strips, and arc recorded here in terms of these strips. 

Results 

Colour Analysis of Low Temperature Research Station's Coloured Strips 

The slides submitted were divided into four groups or series: Pi to P 3 
represented pale, pinkish-coloured egg powders characteristic of some of the 
powder produced in Canada; 2\\ to 2F 6 showed shades of yellow, typical of 
the normal range of colour in American samples; Fi to Y h resembled the 2 Y 
series, but had a greyish-yellow appearance, and represented egg powders that 
had lost their lustre as a result of overheating during the drying process or 
because of poor storage conditions; and the slides in the B group extended 
the Y series and showed badly burnt powders. In each group the members 
with lower numbers were of a paler shade than those with higher numbers. 

The results of brightness measurements on the foregoing strips arc given in 
detail in Table I. These data show that the P series scattered the greatest 
amount of the impinging light, i.e. they were the brightest, and the B scries 
scattered the least. The greyish Y series scattered less light than the pink P 
group but slightly more than the normally coloured 2F slides. Within the 
various series, the members with higher numbers scattered less light than the 
members with lower numbers. 

The results of colour quality measurements on the various slides are also 
given in detail in Table I. However, since these detailed data are difficult to 
visualize, the colour quality profiles showing the averages of values for each 
group are presented in Fig. 1. These profiles show that the pinkish P series 
scattered more light in the blue and blue-green regions of the spectrum (385 
to 525 m/*) than any of the other series and that the normally coloured 2 Y 
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TABLE I 

Colour analyses of Low Temperature Research Station’s coloured strips depicting 

EGG POWDERS AS RECEIVED IN THE UNITED KINGDOM 





Colour quality, % scatter 

Strip 

Bright- 



Blue 



Green 





Red 


number 


% 



































385- 

434- 

458- 

487- 

525- 

556- 

584 

614- 

Above 




434 m fx 

458 m \i 

487 m/4 

525 m/4 

556 m/4 

584 m/4 

614 m/4 

644 m/x 

644 m/4 

Pi 

66 

2 

4 

8 

10 

5 

11 5 

18 7 

13 

2 

21 

3 

9 

6 

5 

7 

■ 

5 7 

Pt 

62 

4 

4 

9 

10 

7 

11 4 

17 4 

13 

2 

21 

2 

9 

7 

s 

8 

5 7 

P« 

62 

0 

5 

0 

10 

5 

11 5 

17 3 

13 

0 

20 

9 

9 

9 

6 

0 

5 9 

2Yi 

56 

6 

4 

8 

7 

5 

9 4 

16 1 

14 

4 

24 

8 

10 

7 

6 

2 

6 1 

2 Yi 

56 

5 

4 

4 

7 

2 

9 4 

15 6 

11 

5 

25 

4 

10 

9 

6 

4 

6 2 

2Yi 

5! 

4 

3 

9 

6 

6 

9 7 

14 5 

14 

3 

26 

3 

11 

4 

6 

7 

6 6 

2 Yi 

49 

7 

3 

8 

6 

0 

9 0 

14 3 

14 

3 

2 7 

0 

11 

8 

6 

9 

6 9 

2 Yi 

45 

0 

3 

1 

5 

9 

9 0 

11 1 

14 

2 

27 

5 

12 

1 

7 

1 

7 0 

Yi 

59 

4 

3 

9 

8 

3 

10 5 

17 2 

13 

8 

23 

5 

10 

3 

6 

2 

6 3 

Yi 

59 

2 

3 

9 

8 

4 

10 6 

16 8 

14 

1 

23 

5 

10 

3 

6 

2 

6 2 

Y» 

56 

2 

3 

7 

8 

0 

10 3 

16 5 

13 

8 

23 

9 

10 

7 

6 

4 

6 7 

Yi 

52 

2 

3 

8 

7 

7 

10 1 

15 7 

13 

8 

24 

0 

11 

0 

6 

7 

7 2 

Yi 

51 

4 

3 

5 

7 

5 

10 4 

IS 5 

13 

3 

24 

0 

11 

3 

7 

0 

7 5 

Bi 

43 

6 

2 

8 

7 

6 

9 9 

IS 2 

13 

4 

24 

1 

11 

6 

7 

2 

8 2 

Bi 

41 

4 

3 

2 

7 

5 

10 4 

15 6 

13 

1 

23 

7 

11 

4 

7 

l 

8 0 


group scattered more light in the yellow region of the spectrum (525 to 
584 m/x). The greyish-} ellow F seiies showed «i slight increase in scatter in 
the red region (above 644 m/z) and the burnt B seiies showed a marked increase 
in this region. The foregoing differences were generally accentuated by 
changes within the series, from the palest to the most intense shades (Table I). 

These preliminary measurements provided a quantitative basis for the 
examination of some of the factors believed to be responsible for the pinkish 
colour of some Canadian egg powder. However, measurements necessitated 
the inclusion of a hypothetical coloured strip, which, from the values reported 
here, would be lettered 2 F 0 . 

The Effect of Particle Size on Egg Powder Colour 

Differences in colour were observed for powders prepared in commercial 
driers and in the laboratory drier (6) and these were attributed in part to 
differences in particle size. To clarify this point, eight samples of com¬ 
mercially produced egg powders were screened for one hour on a Ro-lap 
rotary sifter using sieves'of 35, 65, 80, 100, 120, 200, and 325 mesh (U.S. 
Bureau of Standards) and each fraction of the samples was examined for 
colour. The average colour profile for all samples and all mesh sizes matched 
the profile of the yellow 2F series and in particular the 2Fi strip. The major 
difference was in brightness: the coarse fractions scattered less light than the 
fine fractions (Table 11.4). 
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Fig. 1 . Colour quality profiles (averages) for the groups of coloured strips supplied by the 
Low Temperature Research Station, Camondge, England. 


m Sieving does not effect a complete separation of the particles of different 
sizes that are present in egg powder. Groups of particles may be seen in 
Fig. 2e at i, ii, and iii. These groups of particles do not break up during the 
sieving operation. 

# F urt h er consideration was given to particle size and colour by the examina¬ 
tion of powders prepared in a commercial cone-type drier using spray nozzles 
of different sizes: 0.065, 0.068, and 0.070 in. in diameter. The resulting 
powders matched the 2Y X strip in colour distribution and, again, the finest 
powder (prepared using 0.065 in. nozzle) was the brightest (Table IIS). 



TBSSIBR ET AL.: DRIED EGG POWDER. XXIV . 


153 


If the particle structure of egg powders is considered, explanation of the 
foregoing becomes apparent. Fig. 2 shows the microscopic structure of a 
number of samples. The particles passing a 35 mesh screen and retained by 

TABLE UA 

The effect of particle fractionation by sieving 

ON THE BRIGHTNESS OF EGG POWDERS 


Particle range, U S 
Bureau Standards sizes 

Brightness, % 
(average, eight samples) 

35-65 

49 1 

65-80 

52 1 

80-100 

51 8 

100-200 

53 3 

200-325 

55 9 


TABLE MB 

The EFFECT or SPRAY nozzle size on THE BRIGHTNESS AND 
PARTICLE SIZE OF FGG POWDI RS PREPARED IN A 
CONf-TYPl* COMMERCIAL DRII R 


Nozzle diameter, in 

Brightness, % 

Average particle 
size, mm 

0 065 

56 0 

0 03 

0 068 

54 2 

0 05 

0 070 

51 5 

0 4 1 


1 Size of clusters. Individual particles could not be measured 


a 65 mesh screen are given for reference (Fig. 2a). These relatively large 
particles usually exude egg fat, which appears as smears (Fig. 2a) or discrete 
droplets (Fig. 2/). Powder from the main chamber usually consists of 
coarser particles than powder from the secondary chambers (Figs. 2b, 2c) 
and the difference between the main chamber and secondary chamber powder 
from cone-type driers is usually greater than the difference between the 
corresponding powders from the box-type driers. 

The brightness differences recorded in Table 115 are explained by Fig. 2 
(< d , e,f). Light is scattered from large particles in many directions and a 
relatively small proportion is reflected back to the light receptor (human or 
electric eye), while a powder made up of fine particles presents almost a plane 
surface and a greater amount of light is reflected in any one direction. From 
these considerations, and the data in Table I, fine powders should be paler in 
colour than coarse. The differences attributable to particle size would tend 
to weaken the comparison between brightness of powders and the brightness 
of the coloured strips. Nevertheless, it is believed necessary to give con¬ 
sideration to intensity measurements when transforming colour data to terms 
of the coloured stips. 
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Comparison of Canadian Egg Powder with L.T.R.S. Strips 
It was thought desirable to determine how closely egg powder samples 
(commercial) could be matched with the various coloured strips by visual 
inspection, and opportunity was taken to determine whether the pinkish 
colour was attributable to the use of frozen liquid egg in the production of 
powder. As shown by the data in Table III, grading by visual examination 
gave a fairly good approximation of the results obtained by colour analysis. 
In addition, these results indicated that the use of frozen egg was not the sole 
cause of the pinkish powders. 

TABLE III 

Comparison or methods of classifying egg powder according to 
L.T.R.S. COLOURED STRIPS AND OF THE EFFECT OF THE PHYSICAL 
STATE OF THE EGG ON THE POWDER PRODUCED 


Physical state of egg used to 
produce various powders 


Shell egg^ 

Shell eggs 
Shell eggs 
Shell eggs 
Shell eggs 

Mixed shell and frozen 
Frozen melange 
Frozen melange 
Frozen melange 
Fro7en melange 


By colour 
analysis 

By visual 
inspection 

2 F, 

2 Fa 

2 To * 1 

Pi 

2 F a 

2F; 

2Yi 

2 Y> 

2 Fa 

2Y l 

P 3 

Pi 

P, 

Pi 

P 3 

Ps 

2F> 

2 Yi 

2 Fa 

2 Y 2 


1 This sample had the characteristics of the yellow 2Y series, hut the 
values matched those of a hypothetical strip m this series that ivould be 
numbered 2 Y 0 . 


Colour Characteristics of Powders Prepared in Canadian Plants During Various 
Periods of the Year 

Samples of powder were taken from both the main drying chambers and 
from the secondary collectors of various Canadian egg-drying plants at 
monthly intervals during the months of June to November, 1943 and in March, 
1944. At that time, it was possible to obtain powder from five cone-type 
driers and from four box-type driers. Two of the box-type driers were 
rectangular in shape with flat bottoms and the other two had V-shaped 
bottoms. In general, fresh or stored shell eggs were processed during June, 
July, and August, frozen melange during September, October, and November 
and fresh shell eggs in March, 1944. 

The results (Table IVz4) showed that on the average all powders collected 
from the main chambers of the various driers corresponded to the yellow 2 Y 
group of slides and that the powders from the cone-type and V-bottom, box- 
type driers were more intensely coloured than the powders from the flat- 
bottom box. The powders from the secondary collectors of the cone-type 
drier wcie burnt more than the powders from the secondary collectors of the 







Photomicrographs of ponder (X 37) 

(a). Fraction of a ponder pacing a 15 mesh screen and retained by a 65 mesh 
screen (l .S Bureau of Standards ) 


{b ) Ponder from the mam collector of a flat bottomed, box type drier 

(c) . Fonder from the secondary collector of a flat bottomed, box type drier 

(d) , (e ), and tf) Ponders from the mam collector of a cone-type drier Ore bared 

using nozzles 0 065, 0 068, and 0 070 in in diameter, respectively 
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TABLE IVA 

Effect of drier type and collection chamber on the colour of 

COMMERCIALLY PRFPARLD EGG POWDER 


Type of driers 

Number 
in operation 

Grade according to L T.R.S coloured strips 

Main chamber 

Secondary collectors 

Box, flat-bottom 

2 

2 Y x 

Yx 

Box, V-bottom 

2 

2Y S 

Y a 

Cone 

5 

2 Y 4 

Bx 


other two types. Since the powder caught in the secondary collector is finer 
than the powder trapped in the main chambers, it is reasonable to expect that 
these particles had dried faster and hence were more likely to be burnt. 

Only the powder prepared in March, 1944 differed from the other powders 
(Table IVJ5). This supported previous evidence that the use of frozen egg 
had little effect on the colour of powder, but indicated that the time of year 
during which eggs are produced may have a pronounced effect. 

TABI E I VB 

htrrcr or month or production on mi colour oi 

COMMERCIALLY PR1 PARI D FOG POWDTR COI 
IFC1PD TROM 1111 MAIN DR\ INC, CHAM 
BERS OI NINP I)RII KS 


Month of production 

tirade according to 

L T R S coloured strips 

June to November, 1943 

2 Y, 

March, 1944 

Yi 


Colour of Powders Prepared in a Laboratory Drier and in Commercial Driers 

The survey of powders prepared in various commercial plants indicated 
that season of production of the eggs may be an important factor affecting 
the colour of egg powder. Information about this point could best be obtained 
by using the laboratory spray drier (6); therefore, a comparison was made of 
the differences in the colour of powder prepared in the laboratory drier and in 
commercial driers. For this purpose, two lots of frozen melange were used: 
a portion of one lot processed in western Canada was dried in a V-bottom, 
box-type drier and another,portion in the laboratory drier; and a portion of 
the second lot processed in eastern Canada was dried in a cone-type drier and 
a portion in the laboratory drier. 

As seen in Table V, the laboratory drier gave normally coloured powders 
(2 Y series) but these powders were a paler yellow than the powders from the 
commercial driers. This may have been a function of the scale of the 
laboratory and commercial operations: egg is dried in the laboratory drier at 
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lower temperatures than in commercial operations. In addition, this study 
indicated that the region of the country in which the eggs were produced might 
also affect the colour. 

TABLE V 

Colour of tcg powders prepared in commercial driers 

AND IN A LABORATORY DRIFR 


Source of fro/en 
melange 

Type of drier 

Grade according to 
LTRS coloured strips 

Western Canada 

Laboratory 

2Yo l 


Commercial, box-type, 
V-bottom 

2Yi 

Eastern Canada 

Laboratory 

2Yi 


Commercial, cone type 

2Vs 


1 See Table III 


The Effect of Grade of Eggs and Locality and Month of Production on the Coloy,r 
of the Resulting Powder 

A comprehensive study was made of the effects of grade of eggs and the 
month and locality of egg production on the quality of the powder produced 
and these results have been reported (3). Colour measurements, made on 
the same material, are presented here. In brief, the experimental design 
required shipments of Grade A* (large, medium, and pullet), Grade#,and 
Grade C eggs from Vancouver, Edmonton, Winnipeg, London, Belleville, 
and Three Rivers on the 15th of each month from December, 1944 to July, 
1945. Upon receipt in the laboratory the various samples of eggs were dried 
in the laboratory drier, and therefore, all the colours recorded heie are some¬ 
what paler than would be obtained in a commercial drier. 

The area of production had no significant effect on the colour of powder 
prepared from Grade A eggs; the averages of the colour measurements showed 
that eggs from all areas corresponded to the hypothetical colour strip 2 F 0 , i.e. 
a very pale powder of a normal yellow shade. It was not possible to get 
Grade B eggs from the Vancouver area, but a comparison for the other five 
areas showed that Grade B eggs from Edmonton, Winnipeg, and London 
gave powders corresponding to the yellow 2 F 2 strip while a similar grade of 
eggs from Belleville and Three Rivers gave powders corresponding to the 
paler 2Fi strip. In general, powders from Grade B eggs were a more intense 
yellow than powders from Grade A eggs. Unfortunately, insufficient Grade 
C eggs were received to make a valid comparison of these and Grades A and B 
eggs for the various areas. 

When considering the effect of month of egg production, a marked difference 
was observed between powders prepared from eggs produced between January 
and April and those produced between May and July. The data for this 

* Descriptions of the various grades of eggs can be found tn (1). 
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period were, therefore, subjected to further mathematical analysis (Grade C 
eggs were included in these considerations). The results in Table VI show 
that eggs produced in the early part of the year, while still of a yellow colour, 
were much paler than eggs produced later in the year and Grade C eggs gave 
a more intensely coloured powder than Grade B eggs, which, in turn, were a 
more intense yellow than Grade A eggs. 

TABLE VI 

Colour of powders prepared from eggs of Diri r rent quality 

PRODUCED DURING JANUARY TO APRIL AND 

May to July, 1946 


Grade of eggs 

Period of production 

Grade according to 

L T R S coloured strips 

A 

Jan to Apr 

2 F 0 1 


May to July 

2Yi 

B 

Jan to Apr 

2 Y, 


May to July 

2Yt 

C 

Jan to Apr 

2Yi 


May to July 

2Y, 


i See Table III 

The differences attributable to grades of eggs can be explained on the basis 
of the Canadian grading system (1) When candled, the yolks of Grade A 
eggs must be barely discernible, the yolks of Grade B eggs can be somewhat 
darker, and the yolks of Grade C eggs can be distinctly visible and even 
mottled. The seasonal differences are probably a reflection of the onset of 
warm weather and the corresponding transfer of hens fiom buildings to out-of- 
doors. 

Effect of Sunlight and Ultra-violet Light on the Colour of Egg Powder 

The drying described in the previous section was usually done in a fairly 
well lighted laboratory. During the work, it was observed that samples 
prepared on a cloudy day were slightly different from samples prepared on a 
sunny day. Therefore, an examination was made of powders prepared from 
liquid egg exposed to sunlight or to an ultra-violet light (carbon arc) or from 
liquid held in total darkness Powder prepared fiom liquid exposed to the 
ultra-violet light had the greyish tinge common to strips in the F series and 
corresponded to strip F 3 while powder from liquid exposed to sunlight corre¬ 
sponded to the normal yellow strips and matched 2 F 3 . Powder from liquid 
egg held in total darkness was unlike any of the L.T.R S. strips. The colour 
quality of this powder when compared with the colour quality of the 2F 
group (Fig. 1) showed greater scatter in the yellow region of the spectrum 
(SS6 to 584 mjx) and reduced scatter in the blue-green region (487 to 525 mix). 
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This powder should represent a third group of strips of a more brilliant yellow 
than any forwarded from England and should be represented by a series 
called 3 Y. 

The Effect of Added Colouring Matter on the Colour of Egg Powder 

Since alteration of the foregoing factors would effect little improvement in 
the colour of egg powder, it was thought possible that a more desirable looking 
dried egg powder might be prepared by the addition of various colouring 
materials. For this purpose, the dye combinations listed in Table VII were 
added in various amounts to liquid egg before drying in the laboratory spray- 
drier. Of these, none gave a powder with a colour profile similar to any of 


FABLE VII 


I )\ es 1 

Proportions 

Amounts, ml , 
added to one litre of 
liquid egg 

Cheese colouring 2 

_ 

0 5, 1, 2, 4 

Lemon pic colouring 1 

— 

5, 10, 20 

'lart ra/inc 4 

- 

5, 10, 20 

Tartra/inc * Ponceau 1 

3 1 

10 

Tartra/inc : Sunset Yellow 1 

3 : 1 

10 

Tartra/me : Sunset Yellow 

7 . 1 

5, 10 

Tartra/ine : Sunset Yellow' 

9 : 1 

5 


1 All but cheese colouring consisted of 5 gm. solid made up to 100 ml. with water: 
cheese colouring concentration was unknown. 

1 Kindly supplied by Chateau Cheese CoOttawa , Ont. 

3 Kindly supplied by Canadian Doughnut Co., Trenton , Ont . 

4 Kindly supplied by Dye and Chemical Co. of Canada, Ltd , Kingston , Ont. 

the series shown in Fig. 1, and many powders were so badl> coloured that 
they were undesirable. Colours approximating the yellow 2 Y series, by visual 
inspection, were obtained by the use of: 4 ml. of cheese colouring; 10 ml. of 
pie colouring (5% solution); or 5 ml. of a mixture of 9 parts Tartrazine and 
1 part Sunset Yellow (5% solution) per litre of liquid egg. Considerations of 
cost and ease of handling led to the selection of the Tartrazine - Sunset 
Yellow mixture. By colour analysis, powders containing this dye scattered 
less light in the blue region of the spectrum (385 to 487 mju), and moie in the 
blue-green (487 to 525 mji) and in the red (584 to 644 m/z) regions than the 
desirable yellow 2F scries. However, these powders met the visual require¬ 
ments and commercial scale, trial shipments to the United Kingdom had a 
satisfactory colour. 
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DRIED WHOLE EGG POWDER 

XXV. FURTHER STUDIES ON THE EFFECT OF ADDED SUBSTANCES 1 

By R. L. Hay, 2 Margaret Reid, 2 and Jesse A. Pearce 2 


Abstract 

A number of substances added to liquid egg before drying had no effect on 
changes in palatability, fluorescence value, and total carotinoid pigment content 
of the subsequent powders when stored for 16 weeks at 80° F., for eight weeks 
at 100° F., or for four weeks at 120° F. Added soya lecithin did not increase the 
initial fluorescence, but egg lecithin did; added lecithin from either source did 
not accelerate fluorescence changes during storage. Measurement of vitamin A 
content in tieated or untreated powder showed that loss of this component 
during four weeks’ storage at 120°F. was less marked than during 16 weeks’ 
storage at 80° and 100° F., but, a( these lower temperatures, heated whole egg 
powder, heated dried white, heated dried yolk, and heated or unheated cystine 
or methionine had a preservative action. Sucrose or sodium bicarbonate 
retarded vitamin A loss in stored dried yolk. Foaming volume measuiements 
on freshlv dried pow'ders containing Nacconol S.N.F., Duponol, Koccal, and 
Aerosol showed that, in general, the addition of these wetting agents to liquid 
egg before drying adversely affected the aerating power of the powder. The 
addition of sucrose improved the baking quality of freshly prepared powders, 
the addition of lactose had a negligible effect and the addition of whey solids 
reduced the baking quahtv . W hen the powders were stored at 80° and 100° F. 
these three added substances had a preservative effect; sucrose being most 
effective and wliev solids least effective. 


Introduction 


Dried egg deteriorates during storage even at moisture and temperature 
levels well below those currently in use by commercial egg drying establish¬ 
ments. As a result, several studies have appeared on the use of added sub¬ 
stances in retarding deterioration (l, 9, 12, 15). Previous work in these 
laboratories showed that sucrose or sodium bicarbonate, when added to whole 
egg before drying, were effective in retarding loss in quality during subsequent 
storage (4, 12). Stored egg powder containing lactose has been found to 
have greater foaming power than a similar powder containing the same con¬ 
centration of sucrose (2). The addition of 10% of spray-dried whey (contain¬ 
ing about 70% lactose) to egg liquid prior to drying had the same protective 
effect as the addition of 10% lactose when the powders were stored at 
117° F. (2). 

Other substances likely to affect the keeping qualities of egg powder during 
drying and storage were indicated by work in related fields. Calcium acid 
phosphate and phenyl mercuric nitrate offered points of theoretical interest— 
the phosphate because of its use in baking, and the nitrate because it is 
believed to react with sulphur-containing compounds. If the sulphur- 
containing groups were involved in fluorescence development in egg powder, 
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it was thought that their combination with a mercuric compound might 
prevent development of fluorescing substances. Lecithin, a component of 
egg commonly believed to be responsible for the development of off-flavours 
in many food products, may have been responsible for fluorescence increases 
in stored egg powder and thus warranted study. Since the previously noted 
(12) beneficial effect of sodium bicarbonate might be attributable to the 
presence of the carbonate ion, it was also believed advisable to ascertain 
whether carbon dioxide added before or during drying would retard fluores¬ 
cence changes in stored powders. 

During preliminary work (11) using a model spray drier (16) it had been 
observed that excessive heating during the drying operation seemed to prevent 
loss (oxidation) of vitamin A content in stored egg powder. Since this anti¬ 
oxidant action may have been caused by changes in the sulphur-containing 
amino acids, added cystine or methionine might prevent excessive loss of 
vitamin A in stored egg powder. 

Reconstituted dried egg is seriously deficient in foaming power. It was 
believed that wetting agents, if their presence did not accelerate deterioration, 
might facilitate the reconstitution of egg powder and thus increase the foaming 
power. 

The present paper amplifies some of the foregoing observations by describ¬ 
ing: the changes in palatability and fluorescence of stored egg powders con¬ 
taining substances likely to affect deterioration of quality; the changes in 
vitamin A content of stored diied egg containing substances with possible 
antioxidant effect; the effect of wetting agents on the foaming power of egg 
powder; the changes in the baking quality of egg powders containing various 
amounts of sucrose, lactose, and whey; and the effects of sucrose or sodium 
bicarbonate on dried yolk or dried white. 

Materials and Analytical Methods 

All egg powders used in the investigation were prepared in a laboratory 
spray drier (16) at an inlet temperature of 250° F. and an outlet temperature 
of 140° F. and were adjusted to final moisture contents between 2 and 3%. 
Substances under study weie added to the liquid egg before drying. 

Palatability was assessed by a panel of 14 people, who tasted each sample 
as scrambled egg. The procedures used for reconstituting the powder and 
for scoring were the same as those described in an earlier publication (10). 

A previously described procedure (10) for measuring fluorescence was used 
throughout, with the exception that a greater number of defatting operations 
was necessary to remove all the fat from the dried yolk. 

The procedure used for measuring total carotinoid pigments provided a 
rough arbitrary evaluation of the amounts present in the powder (14). One 
gram of dried whole egg powder was weighed on an analytical balance to 
5 mgm. The sample was transferred to a 250 ml. Erlenmeyer flask and 100 
ml. of redistilled acetone was added. The flasks were corked tightly and 
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the mixture was gently swirled intermittently for 10 min. The mixture was 
then poured into an 18-cm. No. 12 Whatman folded filter paper and the 
filtrate collected in a narrow-necked glass vessel, which was tightly corked 
immediately and kept closed until needed. The transmission of this filtrate 
was measured, at 444 and 465 m/x on a Lumetron Colorimeter using matched 
square cuvettes. Redistilled acetone was used as the standard of 100% 
transmission. 

Vitamin A estimation was done by a method outlined by Dann and Evelyn 
(3). The L values in Table V are for the total blue colour produced by each 
sample, no correction being applied for any remaining carotinoid pigments. 

Foaming volume has been found suitable, with reservations, as a measure 
of the baking quality of egg powder (4, 7, 13). The foaming volumes of some 
unstored powders were determined by two procedures: in the first, 40.5 gm. 
of powder was mixed thoroughly with 75 ml. of distilled water and then beaten 
for 10 min. in a ‘Mixmaster*, set at No. 10 speed; the second eliminated the 
variable egg solids-added substances ratio, unavoidable in the first method, 
and maintained the egg solids in each determination at 19 gm. The foam was 
measured in a graduated cylinder. Foaming volumes of the stored powders 
containing added carbohydrates were measured using the first procedure. 

The baking quality of some of the stored egg powders was also evaluated 
by measuring the volume of sponge cakes prepared by a procedure described 
in a previous publication (7). 

Results 

Effects of Added Substances on Changes in Quality and Carotinoid Pigments of 
Whole Egg Powder 

This portion of the study evaluated the effect of materials added to the 
liquid egg before drying on changes in palatability, fluorescence, total caro¬ 
tinoid pigments, and vitamin A content of stored egg powder. The materials 
added and the concentrations used arc given in Tables 1 and III. Carbon 
dioxide was added in unknown concentration but was introduced in two ways; 
in the first, the melange was saturated with the gas shortly before drying; in 
the second, the carbon dioxide was introduced into the drier during the drying 
process. The dried products were stored in tin-plate (air as headspace gas) 
for 16 weeks at 80° F., eight weeks at 100° F., and four weeks at 120° F. The 
times for this exploratory work were chosen on the basis of work described in 
earlier papers and permitted examination of the powders at about the point 
where they became unsuitable for use as an egg dish. Carotinoid and vitamin 
\ determinations were not done on samples stored for eight weeks at 100° F. 
but were done on samples held for 16 weeks at this temperature. 

As shown in Table I, the added substances used caused no significant change 
in the eating quality of fresh or stored whole egg powders as assessed by cither 
fluorescence or palatability measurements. 

The deteriorative changes in dried egg during storage may be due to the 
reaction of reducing sugar with amino acids (1, 6, 8). Sulphur-containing 
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TABLE I 

Effect of various added substances on the fluorescence and palatability 

CHANGES IN SIORED WHOLE EGG POWDER 


Treatment of liquid whole egg 

Fluorescence value 

Palatability 

Initial 

80° F., 
16 weeks 

100° F., 

8 weeks 

120° F., 

4 weeks 

Initial 

80° F. f 
16 weeks 

.Untreated 

15 

0 

47 

4 

58 

0 

84 

3 

8 0 

6.6 

Liquid egg saturated with C0 2 

13 

2 

40 

1 

60 

1 

86 

0 

8.0 

6.6 

C0 2 introduced into air in drier 

12 

0 

47 

1 

65 

0 

85 

0 

7.7 

6.0 

Whole egg powder, 0.1 % l 

13 

0 

46 

1 

65 

0 

88 

0 

8.1 

6.0 

Dried white, 0 1% 1 

13 

5 

44 

4 

56 

0 

74 

4 

8 0 

6.3 

Dried yolk, 0 l%i 

12 

9 

43 

1 

61 

2 

82 

0 

7 9 

6.8 

Cystine, 0 005% 

14 

4 

46 

0 

59 

2 

81 

4 

8 1 

6 6 

Cystine, 0 005 % l 

12 

1 

43 

1 

55 

3 

76 

0 

8 5 

6.0 

Methionine, 0 005% 

14 

1 

42 

3 

58 

2 

78 

1 

8 5 

5 6 

Methionine, 0 005 % l 

14 

0 

42 

0 

55 

0 

68 

1 

8.1 

6.0 

Nacconal S.N.F , 0 02% 

15 

1 

41 

0 

59 

3 

86 

1 

7.6 

7.0 

Duponol, 0 02% 

14 

0 

37 

4 

57 

0 

79 

4 

7 5 

6 5 

Phenyl mercuric nitrate, 0 08% 

13 

2 

42 

1 

60 

3 

85 

0 

— 

— 

CaHP0 4 , 0 2% 

12 

5 

47 

3 

67 

3 

82 

1 

8 5 

6.9 


1 Heated for one hour in a vacuum oven at 212° F. 


amino acids may be involved in this reaction as it progresses in egg powder (6), 
however phenyl mercuric nitrate did not prevent their action nor did the 
addition of methionine or cystine increase the fluorescence values. T*his 
sugar-protein reaction produces some carbon dioxide (6). The beneficial 
effect of this gas or of the carbonate ion in preserving stored egg powders 
(9, 12) may, therefore, be explained by the law of mass action. The negligible 
effect of carbon dioxide in the present expeiiment is probably due to failure 
to attain a sufficiently high concentration in the powder. 

The addition of lecithin as a possible cause of fluorescence development was 
given more detailed study. Commercially available egg and soya lecithin 
were compared by adding them to different lots of liquid egg at levels of 
0, 0.01, 0.1, and 1.0%. In addition, .some of each of the lecithins was heated 
for one hour in a vacuum oven at 212° F. before being added to different lots 
of liquid egg at the 1% level. The powders containing lecithin and a control 
sample were held at 80° and 100° F. and the fluorescence was determined 
initially and after one-, two-, three-, four-, and fi\c-week periods. Since it 
was difficult to attain homogeneity in the liquid, the fluorescence values were 
more variable than usual. Therefore the data were subjected to an analysis 
of variance; the results are shown in Table II. As might be expected, both 
time and temperature had a significant effect on fluorescence development. 
From the results in Table II the necessary difference for significance* was 
calculated, and the samples that did not differ were grouped and averaged. 
The average values for the groups are given in Fig. 1. Neither heated nor 


*5% Level of statistical significance . 
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TABLE II 


Analysis of variance on fluorescence data from a storage experiment 
on egg powders with or without added egg lecithin 
or sova lecithin 


Variance attributable to: 

Degrees of freedom 

Mean square 

Samples 

8 

254** 

Temperature 

1 

4013** 

Time 

5 

1674** 

Samples X temperature 

8 

9 

Samples X time 

40 

13 

Temperature X time 

5 

280** 

Residual (Error) 

40 

11 


** Surpasses 1% level of statistical significance. 


TABLE IIL4 

Effect of added substances on the total carotinoid pigments 
of stored whole egg powder 


Treatment of liquid whole egg 

Transmission, 1 % 

Filter 444 m fx 

h liter 465 m/i 

Initial 

80° F, 
16 weeks 

100° F„ 
16 weeks 

120° F , 

4 weeks 

India' 

80° F., 
16 weeks 

100° F.. 
16 weeks 

120° F., 

4 weeks 

Untreated 

89 6 

90 1 

93 0 

93 2 



/rfl 

94.4 

Whole egg powder, 0 1% ! 

84 7 

* 88 3 

93 0 

89 7 




91 5 

Dried white, 0 1% J 

81 1 

82 2 

86 5 

86 0 




90.3 

Dried yolk, 0 l%» 

75 3 

74 5 

82 5 

84 4 


79 1 

mwm 

86 6 

Cystine, 0 005% 

82 3 

81 6 

85 2 

85 6 


pn 


90 5 

Cystine, 0 005%» 

73 0 

74 6 

81 4 

82 0 



K HU 

84 7 

Methionine, 0 005% 

76 0 

76 9 

81 6 

81 5 

77 4 

77 8 

84 3 

85 6 

Methionine, 0 005%* 

81 5 

74 4 

82 2 

89 3 

82 5 

82 3 

85 2 

90 3 


TABLE IIIB « 

Effect of various substances on the vitamin A content 
of stori d whole egg powder 


L value 3 


Treatment of liquid whole egg 

Initial 

80° F., 

16 weeks 

100° F., 

16 weeks 

120° F., 

4 weeks 

Untreated 

20.2 

10.6 

7.9 

22.4 

Whole egg powder, 0.1 % 2 

Dried white, 0.1 % 2 

17.8 

14.1 

10.6 

14.7 

22.4 

16 7 

18 7 

17.5 

Dried yolk, 0.1% 2 

17.4 

16.4 

18.7 

17.5 

Cystine, 0.005% 

19.3 

14.1 

13.8 

18.2 

Cystine, 0.005 % 2 

19.9 

16.0 

14.9 

19.2 

Methionine, 0.005% 
Methionine, 0.005% 2 

16.3 

18.7 

10.6 

17 8 

18.8 

13.8 

12.0 

16.2 


1 Varies inversely as the carotinoid pigment content . 
1 Heated for one hour in a vacuum oven at 212° F. 

• Varies directly as the vitamin A content . 
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unheated soya lecithin affected the initial fluorescence value of the powder 
but unheated egg lecithin caused a slight increase and heated egg lecithin 
caused a marked increase in the initial fluorescence value. However, the 
addition of lecithin did not accelerate fluorescence development during 
storage. 



Fig. 1 . The effect of added heated or unheated egg or soya lecithin on the fluorescence 
changes in stored egg powder. 

# Control powders and powders containing heated or unheated soya lecithin . 
O Powders containing unheated egg lecithin . 

® Powders containing heated egg lecithin . 
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The results in Table IIL4, based on transmission values that vary inversely 
as the carotinoid content, show that most of the materials, studied primarily 
for their antioxidant effect, had no significant effect on changes in total 
carotinoid pigments. This may be partly attributable to wide variation in 
carotinoid pigments in the freshly prepared powders. Little change occurred 
during 16 weeks at 80° F. but reduction in carotinoid pigment was noticeable 
in all samples after 16 weeks at 100° F. and after four weeks at 120° F. 

As shown in Table 11 IB, all of the addition substances examined in this 
phase of the investigation (heated whole egg powder, heated dried white, 
heated dried yolk, and heated or unheated cystine or methionine) had a 
beneficial effect on vitamin A retention during storage at 80° and 100° F. 
No significant reduction in vitamin A content was observed in treated or 
untreated whole egg after four weeks at 120° F. After 16 weeks at 80° or 
100° F. the loss of vitamin A was considerable. Previous work showed that 
loss of vitamin A was pronounced at all storage temperatures from 15° to 
100° F. (5). 

Effects of Sodium Bicarbonate and Sucrose on Changes in Dried Egg White and 
Dried Egg Yolk 

Further information about the manner in which sucrose or sodium bicar¬ 
bonate exert a beneficial effect on whole egg was sought by examination of 
dried white and dried yolk containing these substances. Sodium bicarbonate 
effectively retarded fluorescence changes in egg white stored at 120° F. and 
accelerated fluorescence development at 80° and 100° F. (Table I\L4). This 
compound was mildly effective in inhibiting fluorescence development in yolk 
stored at 100° and 120° F. but had no effect at 80° F. Sucrose accelerated 
deterioration in yolk but had no determinable effect on the white. These and 
former observations (12) indicate that bicarbonate is most effective in retard¬ 
ing fluorescence development at high storage temperatures. From the data 
in Table 1VT and previous work (2, 12) it appears that sucrose is not an 
effective preservative of eating quality unless used in dried whole egg. 
These problems are receiving further attention in the laboratories. 

As shown in Table JVB, the presence of sodium bicarbonate had no effect 
on total carotinoid pigments in dried yolk. The large quantity of added 
sucrose diluted the carotinoid pigment content as measured but also appeared 
to i educe the change during storage. Loss in vitamin A content of yolk was 
marked under all conditions of study but reduction was retarded noticeably 
by the presence of sucrose (Table I VC). 

Effects of Added Wetting Agents on Foaming Volume of Whole Egg Powder 

Since wetting agents did not accelerate deterioration, their effect on the 
foaming power of reconstituted egg was evaluated by adding the following to 
the melange prior to drying: Nacconol S.N.F., Duponol, Roccal, and Aerosol. 
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TABLE IV 

Effect of sodium bicarbonate and sucrose on changes in stored 

DRIED WHITE AND STORED DRIED YOLK 


A. Fluorescence value 


Treatment of liquid white or yolk 

Fluorescence value 

Initial 

1 

80° F., 

16 weeks 

100° F., 

8 weeks 

120° F., 

4 weeks 

White 





Untreated 

8 0 

41.1 

68 0 

165.0 

Sodium bicarbonate, 0.2% 

8 0 

66 1 

164 0 

46.0 

Sucrose, 15% 

11 7 

40 0 

86 0 

158.0 

Yolk 





Untreated 

15 0 

52 2 

57 0 

54 0 

Sodium bicarbonate, 0.2% 

14 0 

56 0 

48 1 

43.0 

Sucrose, 15% 

10 5 

64 0 

97.2 

165.0 


B . Carotinoid content 


Transmission, % 


Treatment of 
liquid yolk 


Filler 444 m/x 



Filter 465 m/z 


Initial 

80° F , 
16 weeks 

100° F. t 
16 weeks 

120° F., 
4 weeks 

Initial 

80° F., 

16 weeks 

100° F., 
16 weeks 

120° F., 
4 weeks 

Untreated 

80 1 

80 0 

86 0 

87 0 

81 5 

81 2 

87 1 

89.6 

Sodium bicarbonate, 
0 2% 

80 1 

82 1 

83 5 

88 0 

81 5 

81 0 

88 7 

90.2 

Sucrose, 15% 

95 1 

95 5 

96 8 

98 0 

95 5 

94 5 

97 8 

99.7 


C. Vitamin A content 




L value 


Treatment of liquid >olk 

Initial 

80° F., 

16 weeks 

100° F., 

16 weeks 

120°F., 

4 weeks 

Untreated 

30 7 

18 7 

18 7 

19 2 

Sodium bicarbonate, 0 2% 

26 2 

21 1 

14 9 

18 7 

Sucrose, 15% 

22 4 

20 3 

16 4 

21 4 


Table V shows that the presence of wetting agents usually had an adverse 
effect on the foaming volume of plain egg powder. Although powders con¬ 
taining 0.01, 0.02, or 0.04% Duponol had higher foaming volumes than plain 
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egg powder, similar amounts of added Nacconol, Roccal, and Aerosol had 
either a negligible or a detrimental effect. For all powders containing higher 
quantities of wetting agents the foaming volumes were lower than for untreated 
powders. 

TABLE V 

Effect of addition of witting agents on foaming volume of whole egg powder 


Concentration of 
wetting agent, % 

Foaming volume, ml. 

Nacconol 

Duponol 

Roccal 

Aerosol 

0 

323 

323 

323 

323 

0 01 

324 

356 

314 

326 

0 02 

312 

368 

321 

330 

0.04 

279 

349 

303 

322 

0.08 

286 

264 

301 

310 

0 20 

269 

298 

298 

272 

0 50 

271 

258 

279 

263 


Effects of Added Sucrose , Lactose , and Whey on Foaming Volume and Baking 
Quality 

Samples of egg powder containing 0, 3, 6, 9, 12, 15, or 18% sucrose, lactose, 
or whey solids were prepared. Some samples were examined for foaming 
power and baking quality before storage while others were sealed in air and 
stored at 80° and 100° F. Samples were examined by foaming volume only 
after four weeks’ storage at 80° F. and after two weeks’ storage at 100° F. 
At about this time, it became apparent that foaming volume was not a satis¬ 
factory measure of baking quality and the final testing, after 12 weeks* storage 
at 80° F. and eight weeks at 100° F. was for baking volume only. 

Two procedures for foaming volume were used since it was difficult to add 
either carbohydrate or egg in such a way that all components would have 
identical prior treatment. The results obtained using both foaming volume 
procedures were similar in nature and are presented graphically in Fig. 2. In 
subsequent work only the procedure based on a constant amount of total 
solids in the mix was used. 

Fig. 2 shows that the higher quantities of added sucrose resulted in a 
product with much greater foaming volume than that of untreated powders. 
Large quantities of lactose had practically no effect and large quantities of 
whey solids affected foaming volume adversely. It was also noted that 
powders containing 12% or more whey solids had an offensive odour that 
might prove harmful to the palatability of baked products. 

Results after storage (Fig. 3) showed that, in addition to having the best 
initial foaming volumes, sucrose treated powders were most stable in this 
attribute during storage at 80° and 100° F. for four and two weeks respectively. 
Further examination by baking volume measurements (Fig. 3) also showed 
the marked beneficial effect of added sucrose on the baking quality of fresh 
and stored powders. Contrary to the results observed with the foaming 

Page 168, first line of paragraph under subheading under Table V for “0,3,6,9.12,15, 
or 18%* read “0,10,20,25,30,35, or 40%“. 
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Fig. 2. The effect of added sucrose , lactose , and whey solids on the foaming volume of egg 
Powder; A, total solids in the mix are kept constant; B t egg solids m the mix are kept constant. 
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volumes, lactose improved the baking quality of the fresh powders and 
provided some protection to stored powders. Added whey had an adverse 
effect on the baking volume of freshly prepared powder but retarded changes 
in the stored powders. 



O SUCROSE 
• LACTOSE 
O WHEY 



% ADDED SUBSTANCE IN DRIED PRODUCT 


Fig. 3. The effect of added sucrose , lactose, and whey solids on the foaming volume (total 
solids tn the mix are kept constant) and baking quality of stored egg powder. 


The marked protective action (in terms of aerating power) provided by 
sucrose, a non-reducing sugar, and the lesser protective action of lactose, a 
reducing sugar, when considered in relation to the sugar-protein reaction is 
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at present unexplainable. This is receiving further attention in these labora¬ 
tories. 

Foaming Volume and Baking Quality of Mixtures of Dried Whole Egg and Dried 
Whey 

To test the effect on foaming volume of whey added to whole egg powder, 
0, 10, 20, 30, or 40 gm. of dried British or Canadian whey solids was mixed 
with 19 gm. of plain egg powder, 56 ml. of water was added, and the mixture 
was beaten and measured in the usual manner. The resulting foaming 
volumes, given in Table VL4, indicated that sponge cakes prepared from egg 
powder with part of the sucrose replaced by whey would be lower in volume 
than cakes produced from dried egg and sucrose. 

TABLE VI 

Foaming volume and baking quality of mixtures of dried 

WHOLE EGG AND DRIED WHEY 


A. Foaming volume 


Amount (gm.) of dried 
whey added to 19 gm. 
of whole egg powder 

Foaming volume, ml. 

Canadian dried whey 

British dried whey 

0 

186 

180 

10 

160 

148 

20 

154 

114 

30 

137 

104 

40 

121 

101 


B. Baking quality 


Weight (gm.) of sugar in 
baking formula replaced by 
British dried whey 

Baking volume, ml. 

0 

209 

1 

210 

3 

182 

7 

126 

15 

93 


To verify this, 0, 1, 3, 7, or 15 gm. of spray-dried British whey was mixed 
with 6 gm. of plain egg powder and sucrose was added to make the whey and 
sucrose for each determination total 20 gm. The solids were mixed thoroughly 
with 19 ml. of tap water, followed by beating for 10 min. in a ‘Mixmaster’ set 
at No. 10 speed. Then 20 gm. of standardized super cake flour was incor¬ 
porated with the least amount of mixing. The remaining portion of the 
baking procedure used here was the same as that described previously (7). 
The volumes of sponge cakes made using these mixtures are given in Table 
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VI B and confirmed the above indication that the volume of sponge cakes 
prepared by substituting dried whey for sucrose decreased as the amount of 
added whey increased. 
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DRIED WHOLE EGG POWDER 

XXVI. SOME OBSERVATIONS ON THE QUALITY OF POWDER PREPARED 
FROM FROZEN, LIQUID EGG 1 

By Jesse A. Pearce , 2 H. Tessifr , 3 C. G. Lavers , 4 and M. W Thistle 2 

Abstract 

Liquid from eggs of various qualities was frozen at —40° F and stored at 10°, 

0°, and —10° F for 12 months Powder produced from the defrosted samples 
was assessed by fluorescence and potassium chloride solution solubility measure¬ 
ments, which showed that liquid fiom mustv or incubator reject eggs gave a 
less desirable powder than liquid from Grade A, Grade C, or cracked eggs, 
increase in time of frozen storage decreased the quality of the resulting powder, 
if frozen storage extended beyond six months, the lowest storage temperature 
was most desirable, and method of packaging (in Reynold’s Metal A-10, or in 
wax paper with or without added ice) had no effect on the quality of the powder 
produced If dr\ing conditions were held constant, increased dilution of the 
defrosted egg before drying resulted in a poorer powder It was shown that 
freezing or defrosting operations should be completed within about one hour 

Introduction 

At the time these studies were planned, it was apparent that large quantities 
of the eggs produced in the spring and summer in Canada and used for subse¬ 
quent drying would have to be stored The capacity of the drying equipment 
available was not sufficient to process during the flush season the total amount 
of powder required for export, nor even to process the eggs within the time 
they might reasonably be stoicd in the shell Eggs in the shell should be 
held for no longer than about three months and conditions required that they 
be held for six to eight months This long term holding is usually done by 
breaking the eggs, mixing the white and yolk, and freezing the resulting 
liquid. However, little infoimation was available to describe the effects of 
frozen storage of liquid egg on the quality of the jesulting powder This 
paper describes the results of quality measurements on powder produced 
from fiozen liquid egg. 

Materials and Methods 

The material used in the preliminary study was prepared from the meats of 
Grade A large, fresh eggs For this study, 700 ml. aliquots of egg were frozen 
into blocks 5 X 7 X 1 5 in. at —40° F. The blocks were lashed together 
in sets of four, separated by wooden stiips so that each block had an equal 
area of surface exposed. The sets were stored unwrapped for 18 months at 
0° and 15° F.: some exposed to the air in the storage rooms; others in closed 

1 Manuscript received August 17, 1946 

Contribution from the Division of Applied Biology, National Research Laboratories , 
Ottawa . Issued as Paper No 188 of the Canadian Committee on Food Preservation and as 
N.R C No. 1513 

2 Biochemist , Food Investigations. 

3 Laboratory Steward , Food Investigations. 

4 Chemical Engineer , Food Investigations. 
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desiccators containing 50% and 20% sulphuric acid. Initially, the acid 
solutions should have given relative humidities of 35% and 87%, but these 
values no doubt changed slightly until equilibrium was reached. 

The later more comprehensive storage study utilized material described in 
earlier papers (2, 5). In brief, liquid from fresh Grade A eggs, from Grade A 
eggs held for 16 hr. at 80° F. in sterile glass containers, from Grade C eggs, 
from cracked eggs, from musty eggs, and from ‘eight-day* incubator reject 
eggs was poured into moulds containing about four litres, frozen within 16 hr. 
in a room operating at —40° F., and held at temperatures of 10° (+ 2°, — i°), 
0° (± 1°) and —10° (± 1°) F. for a period of one year. Samples were dried 
before and after freezing and after 3, 6, and 12 months* storage. The liquid 
from fresh Grade A eggs was packed in Reynold’s Metal A-10, a highly 
moisture vapour resistant material (8), plus a Kourdrinier Kraft, B-Flute 
carton; in wax paper (40 lb. Kraft, waxed to 50 lb.) plus the carton, with ice 
cubes inside the carton and surrounding the wrapped egg; and in wax paper 
and carton without added ice. All the other samples were packed in Reynold’s 
Metal A-10 and cartons. 

Accessory studies on material prepared from the meats of Grade A large, 
fresh eggs included evaluation of the effects of dilution of the defrosted egg, 
freezing rates, and defrosting rates. The freezing time was considered as the 
time for the centre of the block to reach a temperature of —20° F. At this 
temperature approximately 7% of the melange is still unfrozen (6). 

The egg was dried in a laboratory spray drier (10), and for all but the 
freshly frozen material, the inlet and outlet temperatures were 250° and 
140° F. respectively. Dilution of defrosted egg is usually desirable if the 
viscosity of the material is to be reduced to a point where the egg can be 
handled by the pump on the drier and was a necessity when using the labora¬ 
tory drier. In an attempt to keep the dilution constant, the defrosted egg 
used in the storage study was dried after addition of an equal volume of water. 
This effected an excessive reduction in the viscosity of freshly frozen egg and, 
to obtain a dry powder, less material could be put through the drier with a 
corresponding increase in outlet temperatures (150° to 155° F.). However, 
it was possible from previously available data, some of which have been 
published ( ( )), to correct the values for the analytical measurements on these 
samples to values that would be expected at 140° F., thus bringing all measure¬ 
ments to a reasonably comparable basis. 

The quality of the powder was assessed by measurements of fluorescence 
and potassium chloride solution solubility values (4, 7). 

Results 

The results of the preliminary experiment are given in Table I. When 
thawed, most of the samples were viscous and had to be diluted before they 
would flow through the pump and the drier nozzle: the proportions of added 
water are shown in the table. It appeared from the analytical measurements 
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TABLE I 

Effect of temperature and humidity on frozen egg stored 18 months before drying 
(Drying conditions: inlet temp. 250° F.; outlet temp. 140° F.) 


Storage conditions 

Dilution 
necessary 
for drying, 
egg : water 

Quality of resulting powder 

Temp., 0 F. 

Relative 
humidity, % 

Fluorescence value 

Potassium 
chloride value 

0 

Room 

1 : 1 

25 6 

57 


35 

2 : 1 

19 5 

62 


87 

2 :1 

19 6 

62 

15 

Room 

1 : 1 

25 2 

65 


35 

2 : 1 

24 6 

61 


87 

Undiluted 

21.7 

63 

Unfrozen egg 

Undiluted 

18.0 

73 


that prolonged frozen storage had an adverse effect on solubility as assessed 
by potassium chloride values, and on eating quality as assessed by fluorescence 
measurements. There was some evidence that a storage temperature of 
0° F. was preferable to 15° F. Greatest deterioration seemed to occur in the 
samples exposed to the room air, but this may have been attributable to the 
large quantity of water added before drying. 

Since dilution may have affected powder quality, it seemed desirable to 
consider this factor before proceeding to the next phase of the investigation. 
The results of drying defrosted egg mixed with different quantities of water 
(Table II) indicated that dilution does affect fluorescence values adversely, 
but some dilution was necessary if solubility was to be retained. Diluting 

TABLE II 

ErrECT or dilution of tiiawi d frozen i gg on the 

QUALITY or POWDER PRODUCED 

(Drying conditions* inlet temp 250° F ; outlet temp. 140° F. 

Egg defrosted at 40° F.; time, 48 hr.) 


Dilution, egg : \*atcr 

Fluorescence value 

Potassium chloride 
value 

Unfrozen egg 



No dilution 

18 9 

83 2 

5 : 1 

21 7 

80 0 

1:1 

22 3 

78.8 

Freshly frozen egg 

18 0 

67 1 

No dilution 

20 : 1 

19 0 

78.4 

7 : 1 

26 6 

75 4 

4 : 1 

25.3 

73 6 

1 : 1 

28 5 

71.7 
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fresh liquid egg had only a slight effect on the quality of the subsequent 
powder. The adverse effects can be partially eliminated if the pump rate is 
kept constant'and the outlet temperature is allowed to vary according to the 
amount of water present (1). After these trials, it was believed that, to 
obtain comparable results in subsequent experimental work, the defrosted 
egg should be diluted with the same proportion of water. 



STORAGE, MONTHS 

Fig. 1 . The effect of freezing and frozen storage of liquid egg on the quality of powder 
produced. 

Defrosting * temperature , 40 0 F , time 48 hr. 

Dilution: one part of defrosted egg to one part water , by volume. 

Drying conditions: inlet temp , 250° F.; outlet temperature, 1 W° Fexcept 
for material dried just after freezing. 

B.F.: before freezing: A.F : after freezing. 

The results of the more comprehensive storage experiment are shown in 
Fig. 1. Since many of the factors studied had no effect on the quality of the 
powder, measurements to assess these factors were considered as replicates 
and average values are shown in the figure. 

Powders prepared from frozen incubator rejects and musty eggs were 
definitely of poor quality as assessed by the fluorescence measurement. 
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However, the solubility of these powders was better than that of powders from 
Grade A, Grade C, or cracked eggs. It is possible that enzymic digestion of 
the protein occurred in the incubator reject and musty eggs and that these 
processes made the protein fraction more soluble in potassium chloride solution. 
Failure to differentiate between powders from Grade A and Grade C or 
cracked eggs may be attributable to the limited number of samples used or to 
the changes occurring during freezing Previous work has shown that Grade 



FREEZING TIME, HOURS 

f ig 2 7 he effect of the rate of freezing liquid egg on the quality of the powder produced 

Defrosting temperature, 40° F, time, 48 hr 
Dilution one part defrosted egg to one part water, by volume 
Drying conditions inlet temp , 250° F, outlet temperature, 140 ° r 

C eggs produce a less desirable powder than Grade A eggs (3), and the present 
experiment indicated that freezing liquid from Grade A eggs reduced the 
quality below that of unfrozen Grade C eggs 

The three methods of packaging frozen eggs had no effect on the quality 
of the powder, and the storage temperatures used affected only the fluorescence 
values of powder produced from egg stored for 12 months The values. 
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obtained indicated that storage at —10° F. was preferable, and that there was 
little difference between temperatures of 0° and + 10° F. 

Storage time had a greater effect on the fluorescence values than on the 
potassium chloride values, although in general, the latter measurements 
showed a marked loss in solubility as a result of the freezing operation: this 
decrease in solubility has also been observed in commercial practice. The 
fluorescence values were slightly greater than those encountered in commercial 
practice and in the preliminary study. It was believed that these high values 
may have been attributable to freezing or defrosting techniques. These 
techniques were subjected to further examination. 

Egg is usually frozen commercially in 30- or 40-lb. lots and the operation 
requires from 24 to 72 hr. depending on the method used. In the preliminary 
experiment, the small blocks of egg used were frozen within a few hours while 
in the later experiment a much longer time was required. The results of an 
experiment to evaluate the effect of freezing rates on the quality of the 
resultant powder are given in Fig. 2 and show that the quality of the powder 
becomes progressively poorer as the freezing time is increased from 1 to 20 hr., 
but that further increase in freezing time had little effect on quality. 

In commercial practice, frozen egg is usually pulverized or broken into small 
fragments that may be mixed with water or fresh egg liquid. The temperature 
of these liquids is not allowed to exceed 45° F. and defrosting is usually 
completed in one to four hours. In the preliminary experiment, defrosting 

TABLE III 

Effect of defrosting temperature and time on the quality of 

POWDER PRODUCED FROM FROZEN LIQUID EGG 

(Liquid brought to 40° F.; 15% water added; and dried at inlet 
temp, of 250° F. and outlet temp, of 140° F.) 


Defrosting 

Fluorescence 

value 

Potassium 
chloride value 

Temp., ° F. 

Time, hr. 
(approx.) 

100 1 

1 

18.9 

78.6 

80 

9 

22.0 

72.5 

70 


20.6 

74.8 

60 


22.6 

70.4 

50 


23.8 

73.8 

40 


29.0 

76.3 


1 With stirring and container in contact with water; all others without 
stirring and containers in contact with air . 


was done in water at 100° F. and completed rapidly, but in the later experiment 
defrosting was done at 40° F. and required about 48 hr. The results in Table 
III show that rapid defrosting provided a liquid from which an excellent 
powder could be produced and that long defrosting times gave powders with 
high fluorescence values. The solubility of the product was affected by other 
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factors since high solubilities were obtained from both the most rapidly and 
the least rapidly defrosted egg. 

The foregoing results indicate that frozen egg can be used to produce 
powder of a satisfactory quality. However, the frozen egg should be stored 
no longer than six months at temperatures of 10° and 0° (if a longer storage 
time is necessary, storage temperature should be —10° F.); should be frozen 
and defrosted in a minimum time, preferably about one hour for each opera¬ 
tion; and should have the least possible water added when reducing the 
viscosity for spraying into the drier. 
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PRODUCTION AND PROPERTIES OF 2,3-BUTANEDIOL 

XX. INFLUENCE OF THE INOCULUM ON THE AEROBACILLUS 
POLYMYXA FERMENTATION 1 

By A. C. Blackwood 2 and G. A. Ledingham 3 

Abstract 

Wholi* wheat fermentations were started with known numbers of Aerobacillus 
polymyxa in the range from 50 thousand to 4000 million per ml. of mash. In¬ 
creasing the initial numbers of the bacteria decreased the lag phase and increased 
the maximum numbers obtained. Although the initial late of fermentation 
was increased, all the fermentations were finished at the same time and gave 
similar yields of 2,3-butanediol. 

The effects of added nutrients, incubation temperature, aeration, and reduced 
pressure on bacterial growth in the inoculum media were investigated but none 
of the treatments used had an appreciable effect on the subsequent fermentation. 
The use of a backstocking technique appears to be a practical met hod of inoculation. 


Introduction 

Although certain factors affecting the inoculum in connection with the 
Aerobacillus polymyxa fermentation for the production of /-2,3-butanediol 
have previously been investigated in these laboratories (7, 9), pilot plant 
operations have shown the necessity for a more detailed study of this problem. 
It has been found (8) that biotin and a number of amino acids are essential 
for the growth of this organism and that yeast extract supplies these necessary 
factors. In a study of various nutrient supplements for starch fermentation 
by A . polymyxa , Fratkin and Adams (4) found that malt sprouts were the 
most effective. Aeration and reducing the pressure on the fermenting medium 
were found to increase the fermentation rate and affect the yield of products 
( 1 , 2 ). 

The purpose of this investigation is to relate the nutrition and treatment 
of the inoculum to the actual growth of the culture and to assess the effect 
of this growth on the production of 2,3-butanediol. The effects of tempera¬ 
ture, aeration, reduced pressure, and nutrilites on the inoculum and the effect 
of the amount of inoculum added and of ‘backstocking' on the fermentation 
have been assessed in comparative experiments. 

Materials and Methods 

The Aerobacillus polymyxa strain used in these experiments was previously 
isolated in this laboratory and is designated as C3 (2). Stock cultures were 
carried on wheat agar medium at 30° C. 

1 Manuscript received September 3, 1946. 

Contribution from the Division of Applied Biology , National Research Laboratories , 
Ottawa. Tssued a* Paper No. 48 on the Utilization of Wastes and Surpluses and as N.R.C. 
No. 1511. 

* BaUeriologist , Industrial Utilization Investigations. 

3 Mycologist , Industrial Utilization Investigations. 
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The procedures used in preparing inoculum mash (5% finely ground whole 
wheat or 2.75% commercial starch) and fermentation mash (15% ground 
whole wheat) have been described previously (9). Three hundred millilitres 
of fermentation mash in a 500-ml. Erlenmeyer flask was used except in the 
studies of the effects of amount of inoculum and reduced pressure on the 
fermentation. In the latter studies it was desirable to remove samples at 
definite intervals from the fermentation medium without appreciably affecting 
the surface volume ratio, thus 2.5-litre bottles containing 1 litre of mash 
were used. 

In laboratory practice it has been customary to add a 24-hr. inoculum equal 
to 3.0% of the volume of the mash. In all experiments designed to test the 
effects of added nutrient or treated inoculum, both 3 0% and 0 1% additions 
were studied. 

The number of organisms was determined either by the direct count method 
using a Petroff-Hauser plate or by the standard plating technique. The 
results given are averages of duplicate tests. Difficulties were encountered 
with the plate method because of a tendenc y of the colonies to spread rapidly 
and though less tedious than the direct count method, dilutions must be made 
immediately and the results arc not available at once. The direct count was 
used in most cases. 

All fermentations were canicd out in duplicate. Where 2,3-butanediol 
analysis was desirable at? 48 and 72 hr., four flasks were incubated for each 
set of conditions and tw^iemoved at each time As fermentation conditions 
were constant throughout in most expeiimcnts only 2,3-butanediol was 
estimated as an indication of inoculum effect on product yield. In those 
experiments where the inoculum was aerated or subjected to reduced pressure 
both 2,3-butanediol and ethanol were determined The analytical methods 
employed for the detciminalion of 2,3-butanediol and ethanol have been 
described elsewhere (9) All analyses weie done in duplicate and averages 
are reported. Microscopic examinations and pH determinations were carried 
out on each mash to determine the sterility of the fermentation. 

Experimental Results 

Effect of Amount of Inoculum 

The amount of inoculum added ranged from 0 001% to 10% of the mash 
volume. To obtain the desired concentration of organisms in the inocula, 
dilutions were made from the oiiginal into sterile inoculum medium and 100 
ml. was added to 1 litre of the 15% whole wheat mash. 

In the first experiment the inoculum contained about 500 million organisms 
per ml. In the second experiment in order to obtain higher numbers, the 
inoculum was grown under reduced pressure for 24 hr., then concentrated to 
half the original volume by centrifuging and discarding the supernatant. 
This concentrated inoculum contained about 4000 million organisms per ml. 
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The results (Figs. 1A and IB) show that the number of organisms added to 
the fermentation mash greatly influence the growth curve. High initial 
numbers induced shorter lag periods, shorter logarithmic growth and death 
periods, and greater numbers of organisms in the medium. These effects 




Fig. 1. The effect of various amounts of inoculum on the growth of the culture and on the 
2,3-butanedtol yield on a 15% whole wheat mash A. The inoculum contained 500 million 
organisms per ml B. The inoculum contained 4000 million organisms per ml 


due to inoculum numbers were not quantitatively reproducible as a com¬ 
parison of the growth cutves for the two experiments show. The first three 
dilutions (10%, 1%, 0.1%) as shown in Fig. 1A contained the same numbers 
of bacteria as the last three dilutions (1%, 0.1%, 0.01%) shown in Fig. IB. 
The relative effect found in each experiment is similar but the actual growth 
rates and numbers per ml. varied widely. This difference has been found in 
other experiments and appeared to be uncontrollable. Probably this variable 
culture activity was the main reason why rate experiments with this organism 
gave such irregular results. 
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Marked variations in growth rate did not materially affect the product 
yield at 72 hr. As the growth rate increased the rate of 2,3-butanediol pro¬ 
duction also increased. Although the rate of carbohydrate dissimilation was 
shown to be dependent on the growth rate the amount of 2,3-butanediol 
produced in all of the samples was similar at 72 hr. However, this was to be 
expected because if all the carbohydrate is utilized a definite amount of 

2,3-butanediol will be produced. A comparison of the growth curves and 

2,3-butanediol production in both experiments showed that there was con¬ 
siderable 2,3-butanediol production after the maximum numbers of organisms 
had been reached. The numbers were still high at 72 hr., but in the second 
experiment little further 2,3-butanediol was produced, probably because most 
of the carbohydrate was utilized; however, where 0 01% inoculum was 
added there was a further increase at 96 hr. 

These experiments showed that although the rate of growth and the rate 
of product formation were closely allied with the amount of inoculum added 
the yield of product at 72 hr. was not materially affected. Nor was the 

2,3-butanediol yield at 72 hr affected by inherent differences in the ability 
of the culture to reproduce. 

Effect of Nutrient Supplements 

The addition of nutrient supplements to inoculum media is known to be 
advantageous to the growth of this organism when either whole wheat or 
starch is used as the substrate. The effect of various supplements at specified 
levels was measured by obtaining population trends in the inocula and by the 
effect of these inocula on the yield of products in a whole wheat fermentation. 
As a result of preliminary experiments and a consideration of the value in 
starch fermentation of various nutrients (4) six nutrient sources were com¬ 
pared: yeast extract (Difco), dried yeast, malt sprouts, Cerogras (dehydrated 
young oats obtained from the Gieenmelk Co , Wallaceburg, Ont.), shorts, 
and corn steep liquor. Yeast extract was supplied at three levels (0.5%, 
1.0%, 1.5%) and all other nutrients were added at the two lower levels. 

Table I shows the effect on the population numbers of adding these nutrients 
to whole wheat inoculation medium. All these nutrients increased the 
numbers of organisms, with yeast extract showing the greatest effect. On 
the average, the 1.0% level of nutrient had little more effect than the 0 5% 
level. Where 1.0% and 1.5% yeast extract was added the growth peak had 
been passed by 36 hr. 

The effect on the population numbers of adding these nutrients to starch 
inoculation medium is shown in Table II. Here, again, the addition of 
nutrients increased the number of organisms, with yeast extract giving the 
greatest effect. However, as starch is deficient in growth supplements the 
numbers in the control are much lower than found previously with whole 
wheat medium. The addition of nutrients had only a limited beneficial 
value. 
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TABLE I 


Effect of added nutrients at various levels on the growth of Aerobacillus 
polymyxa in a whole wheat inoculation medium 


Nutrient 

Amount 

Number of bacteria (direct count) in millions per ml. 

added, % 

12 Hr. 

24 Hr. 

36 Hr. 

Control 

0 

500 

630 

1160 

Yeast extract 

0 5 

670 

1420 

1690 


1 0 

850 

1780 

1300 


1.5 

720 

1420 

1120 

Dried yeast 

0 5 

500 

1020 

1390 

1.0 

580 

1180 

1240 

Malt sprouts 

0 5 

450 

1190 

1380 

1.0 

500 

1290 

— 

Cerogras 

0 5 

620 

1070 

1540 

1.0 

660 

1330 

1750 

Shorts 

0 5 

510 

940 

1030 


1 0 

510 

760 

— 

Corn steep liquor 

0.5 

570 

1010 

580 

1.0 

430 

1010 

1280 


TABLE II 

Effect oi< added nitrii-nts at various levels on tiie growth of Aerobacillus 
polymyxa in a starch inoculation medium 


Nutrient 

Amount 
added, % 

Number of bacteria (direct count) in millions per ml. 

12 Hr. 

24 Hr. 

36 Hr. 

Control 

0 

170 

300 

250 

Yeast extract 

0.5 

460 

600 

700 


1.0 

490 

820 

900 


1.5 

450 

670 

1040 

Dried yeast 

0.5 

220 

430 

710 

1.0 

220 

460 

470 

Malt sprouts 

0 5 

200 

210 

300 

1.0 

200 

320 

340 

Cerogras 

0.5 

230 

310 

460 

1.0 

240 

430 

830 

Shorts 

0.5 

380 

480 

480 


1.0 

170 

410 

400 

Corn «teep liquor 

0.5 

300 

400 

340 

1.0 

180 

480 

470 
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All of the above inocula with both whole wheat and starch as a substrate 
were used to inoculate 15% whole wheat mash at two inoculum levels. A 
statistical analysis of the yields of 2,3-butanediol obtained at 48 and 72 hr. 
showed that there were no significant variations due to the added nutrients. 
In Table III the results for the controls and yeast extract only are given. 
The yield of 2,3-butanediol at 48 hr. decreased in the controls as the inoculum 
with smaller numbers was added. The addition of yeast extract showed an 
effect at 48 hr. using starch inoculum but not using the whole wheat inoculum. 
There were no differences in the yields obtained at 72 hr. 


TABLE III 


Effect of adding yeast extract at tiirff levi ls to whole wheat and starch inoculum 
MEDIA ON THE 2,3-BUTANEDIOL YU LD AT 48 AND 72 HR. 


Inoculum 

medium 

Yeast 
extract 
added, % 

Yield of 2,3-butanediol, % 

3 0% Inoculum 

0 1% Inoculum 

48 Hr. 

72 Hr. 

48 Hr. 

72 Hr. 

Whole ^heat 

0 0 

1 85 

2 37 

1 72 

2 32 


0 5 

1 47 

2 31 

1 91 

2 42 


1 0 

1 78 

2 35 

1 46 

2 46 


1 5 

1 50 

2 22 

1 88 

2 36 

Starch 

0 0 

1 62 

2 26 

1 42 

2 43 


0 5 

1 71 

2 n 

1 57 

2 42 


1 0 

1 84 

2 40 

1 61 

2 54 


1 5 

1 75 

2 31 

1 70 

2 41 


Effect of Inoculum Temperature 

The optimum fermentation temperature in the range 30° C. to 37 5° C. 
has been previously reported (9) at 32 5° C. although differences were small 
and different strains gave varied results. In the present study a wider range 
of inoculum temperature was chosen (25° C., 30° C., 35° C., 40° C.) to 
demonstrate more clearly the effect on bacterial growth. Whole wheat 
inoculum was used both with and without 0.5% yeast extract. Numbers 
were estimated by the plate count method and are reported in Table IV. 

The addition of yeast extract, as previously noted, greatly increased the 
bacterial numbers except at the highest temperature. After a microscopic 
examination the lower numbers at the higher temperatures were explained 
as it was found that as the temperature increased the length of the rods 
increased. This cessation of cell division while cell elongation continues 
normally has been reported elsewhere on numerous occasions and was observed 
to occur spontaneously or as a result of the presence of drugs or other foreign 
substances (5). This phenomenon was also noted at the end of a very rapid 
fermentation by Aerobacillus polymyxa . 
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TABLE IV 


Effect of temperature and addfd yeast fxtract on the growth of Aerobacillus 
polymyxa in a whole whe\t inoculation medium 


Temperature, ° C 

Number of bacteria (plate count) in millions per ml. 

No nutrient added j 

0 5% Yeast extract added 

12 Hr 

24 Hr. 

12 Hr 

24 Hr. 

25 

0 9 

4 

7 1 

44 

30 

0 2 

27 

3 5 

83 

35 

0 4 

9 

0 4 

22 

40 

0 1 

17 

0 6 

8 


When the inocula were used to ferment a whole wheat mash there was no 
significant variation in the 2,3-butanediol yield due to temperature or nutrient 
at either the 3.0% or 0 1% inoculum level at 48 or 72 hr. The results using 
3.0% inoculum are given in Fig. 2. 



inoculum nutrient and 

TEMPERATURE 


Fig 2 7 he effect of the incubation temperature used on whole wheat inoculum , with and 

without added nutrient , on the 2 t 3-butanediol production in a 15% whole wheat mash using 
3 0% of inoculum 


Effect of Aeration and Reduced Pressure 

Preliminary experiments indicated that inoculum numbers were increased 
greatly by aeration or reduced pressure. Table V gives the number of 
organisms found in whole wheat medium after aeration or reduced pressure 
for 24 hr. The effect of adding yeast extract was found for each treatment. 
For the most part, the numbers in the inocula under reduced pressure and 
aeration were very similar and were approximately double the controls. 
Yeast extract always increased the numbers. Apparently the higher levels 
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of aeration and reduced pressure had no further effect but it was suspected 
that owing to the greatly increased growth rate the period of optimum numbers 
had been passed at 24 hr. 

TABLE V 

Effect of aeration, reduced pressure, and added yeast extract on 
the growth ok Aerobactllus polymyxa in a whole 
wheat inoculation medium 


Treatment 

Number of bacteria (direct count) in 
millions per ml. at 24 hr. 

No nutrient added 

0 5% Yeast extract 
added 

None 

600 

1100 

Aeration (100 ml./Iitre/min.) 

1150 

2600 

Aeration (500 ml./litre/min.) 

1200 

1950 

Pressure (20 in. Hg absolute) 

1300 

1900 

Pressure (10 in. Hg absolute) 

310 

2180 


As it was thought that these inocula might have an effect on the ratio of 
products formed, ethanol and 2,3-butanediol were determined at 72 hr. The 
results are given in Table VI for the two inoculum levels. At 48 hr. the 0.1% 
level of inoculum gave lower yields than did the 3 0% level. Aeration of the 
inoculum gave an increased yield at 48 hr. of 2,3-butanediol at the 3.0% 
inoculum level but showed little benefit at the lower level of inoculum. When 
the inoculum numbers under reduced pressure are considered, the yields of 
2,3-butanediol were inconsistent at 48 hr., again suggesting that the culture 
was not in the logarithmic growth phase when used. After 72 hr. fermentation 
the yields of 2,3-butanediol were practically constant using 3.0% inoculum 
but were less constant using the 0.1% level and, here, the addition of yeast 
extract had some effect. The ethanol yields varied little. The effect of 
aeration or reduced pressure on the inoculum was marked but there was no 
change in the yield of products in the subsequent fermentation. 

A fermentation was carried out under reduced pressure to investigate 
further the effect on bacterial numbers. Thirty millilitres of inoculum was 
used to inoculate 1 litre of whole wheat mash in 4-litre bottles. A pressure of 
15 in. of mercury was maintained in one flask. The growth curves given in 
Fig. 3 and the yields of 2,3-butanediol for the first 48 hr. given in Table VII 
are an average of two experiments. 

Bacterial numbers in the control followed the normal type of growth curve 
but reduced pressure had a great effect on all phases of the curve. The lag 
period was shorter, the growth rate was more rapid, the period of maximum 
numbers was short and the death rate was high. Reduced pressure also 
increased the fermentation rate as the 2,3-butanediol yields show. However, 
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TABLE VI 

Effect of inoculum treatment (aeration, reduced pressure, added nutrient) 

ON THE PRODUCT YIELD IN 15% WHOLE WHEAT MASH 



Yeast 
extract, % 

48 Hr. 

72 Hr. 

Treatment 

2,3-Butancdiol, 

% 

2,3-Butanediol, 

% 

Ethanol, %l 

Ratio, 

diol/ethanol 


A. 3.0% Level of inoculum 


None 

None 

1.66 

2.57 

1.58 

1.63 


0.5 

1.72 

2.58 

1.49 

1.73 

Aeration 

None 

1.88 

2.49 

1.50 

1.66 

(100 ml./litre/min.) 

0.5 

1.92 

2.58 

1 53 

1.68 

Aeration 

None 

2 13 

2.52 

1.54 

1.64 

(500 ml./litre/min.) 

0 5 

2.21 

2.53 

1.65 

1.53 

Pressure 

None 

1.95 

2.41 

1.51 

1.60 

(20 in. Hg absolute) 

0.5 

1.73 

2.36 

1.50 

1.57 

Pressure 

None 

1.69 

2.48 

1.52 

1.63 * 

(10 in. Hg absolute) 

0.5 

1.70 

2.48 

1.53 

1.63 


B. 0.1% Level of inoculum 


None 

None 

1.48 

2.28 

1.30 

1.75 


0.5 

1.56 

2.52 

1.52 

1.66 

Aeration 

None 

1.42 

2.43 

1.36 

1.79 

(100 ml./litre/min.) 

0.5 

1.91 

2.51 

1.56 

1.61 

Aeration 

None 

1.64 

2.38 

1.40 

1.70 

(500 ml./litre/min.) 

0.5 

1.63 

2.44 

1.40 

1.74 

Pressure 

None 

1.54 

2.34 

1.29 

1.81 

(20 in. Hg absolute) 

0.5 

1.55 

2.40 

1.42 

1.69 

Pressure 

None 

1.37 

2.30 

1.25 

1.84 

(10 in. Hg absolute) 

0.5 

1.59 

2.61 

1 43 

l 

1.82 


Adams and Leslie (2) have shown that the final yield of 2,3-butanediol under 
reduced pressure was lower than normal owing to the induced anaerobic 
conditions and resulted in a higher ethanol yield with a low 2,3-butanediol to 
ethanol ratio. The effect of reduced pressure was to increase greatly the 
actual bacterial population and thus to increase the fermentation rate. 

Effect of l Backstocking' 

This method of inoculation has long been standard brewing technique and 
has been found useful in other fermentations. Preliminary experiments 
showed that growth was at a maximum between 36 and 48 hr. in the fermenta¬ 
tion of 15% whole wheat mash under normal conditions; thus samples taken 
at 36 hr. were used for inoculum. This ensured that the bacterial culture 
was still la the logarithmic growth phase. 
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Inoculum was first prepared in a normal manner and the 3.0% level was 
used to inoculate the first flasks. The experiment was run in duplicate and 
the results averaged. After 36 hr., inoculum was obtained from these mashes 



Fig. 3. The effect of reduced pressure on the bacterial numbers m a 15% whole wheat 
fermentation mash. 


TABLE VII 


Effect of reduced pressure on the yield of 2,3-butanediol (%) in a 
15% whole wheai i-lrmentation mash 


i 

Time in hours 



6 

12 

24 

36 

48 

Control 

Pressure (15 in. Hg absolute) 

0 41 

0 33 

0 47 

0 56 

0 84 

1 22 

1 13 

1 82 

i 

1 88 

2 42 


and used to inoculate the second set of flasks. This operation was repeated 
five successive times. Direct counts and 2,3-butanediol yields were estimated 
at 36 hr. and 2,3-butanediol content and pH at 72 hr. Aseptic technique 
was used and there was no evidence of contamination. The results are given 
in Fig. 4. 

Although the inoculum was first grown in inoculum medium this had no 
effect on the bacterial numbers of the first transfer as compared to those 
succeeding. There was no increase or decrease in the numbers, pH, or 
2,3-butanediol yields through the successive ‘backstocking’ operations. 
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Discussion 

It is evident that any treatment that produces an increase or decrease in 
inoculum numbers can be equalled by using more or less of the untreated 
inoculum, if the treatment has produced no change in the fermentative ability 
of the bacteria. In all of the fermentation results the yield of 2,3-butanediol 
at 72 hr. remains unchanged and the effect of a treatment that increased 
inoculum numbers is only to increase the initial fermentation rate with no 
effect on the ratio of products formed. 



NUMBER OF 8ACKSTOCKING OPERATIONS 


Fig. 4 The effects of a number of successive 4 backstockmg ’ operations on bacterial numbers , 
final pH, and 2,3-butanediol production. 

In large scale operations the fact that a good yield of 2,3-butanediol is 
obtained with a small amount of inoculum is very important. Added nutrients 
are unnecessary, incubation temperature is not critical, and reduced pressure 
and aeration of the inoculum, while increasing the growth rate, do not affect 
the product yield; these facts are also of practical importance. Providing 
aseptic techniques can be applied, ‘backstocking* should prove to be a useful 
and economical operation in this fermentation. 

The growth phases of bacteria have been studied for a considerable time 
and Rahn (10), Buchanan and Fulmer (3), Winslow and Walker (11), Hinshel- 
wood (S), and others have reviewed the literature. The interrelation of the 
causes of growth and death are not clearly understood. The addition of 
larger numbers of bacteria to the fermenting medium is known to decrease 
the ‘lag’ phase and our results show this (Fig. 1). Rahn (10, p. 402) has 
shown that the effect of a small inoculum was only to lengthen the time taken 
to reach the maximum numbers obtained with a large inoculum. This was 
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found in our results but, in addition, there was a marked increase in the 
maximum numbers attained as greater initial numbers were added. It is 
difficult to suggest a logical reason for this phenomenon. 

The rate of autolysis is inversely related to the growth rate and is thus 
faster where the larger amounts of inoculum are used. At maximum numbers 
the amount of 2,3-butanediol formed is always about 2% but it is not clear 
whether the rapid death rate is due to accumulation of toxic products, exhaus¬ 
tion of the substrate, or an interaction of these factors. It is improbable that a 
lack of nutrient and carbohydrate sources can alone explain the effects found 
although Jordan and Jacobs (6) have shown in their controlled experiments 
that bacterial numbers varied directly as the food supply. 

There is a considerable production of 2,3-butanediol in the ‘death* phase. 
The slower fermentation rate in this phase is found where the larger inoculum 
is used and thus the benefits of using a large inoculum are nullified. If it 
were possible to obtain maximum product yields at the same time as maximum 
numbers are found, the benefit of the larger inoculum would be considerable. 
A better understanding of the factors affecting bacterial growth might allow 
this condition to be attained. 

References 

1. Adams, G. A. Can J. Research, F, 24 * 1-11. 1946. 

2. Adams, G. A. and Leslie, J D. Can J. Research, F, 24 : 107-116. 1946 

3. Buchanan, R. E. and Fulmer, E. I Physiology and biochemistry of bacteria. Vol. 1. 

The Williams & Wilkins Company, Baltimore. 1928. 

4. Fratkin, S. B. and Adams, G. A. Can. J. Research, F, 24 : 29-38 1946. 

5. Hinshelwood, C. N. Biol. Rev Cambridge Phil. Soc 19 : 150-163. 1944. 

6. Jordan, R. C. and Jacobs, S E. J. Bact. 48 : 579-598. 1944. 

7. Katznelson, H. Can. J. Research, C, 22 : 235-240. 1944. 

8. Katznelson, H. and Lochhead, A. G. Can. J. Research, C, 22 : 273-279. 1944. 

9. Ledingham, G. A., Adams, G. A , and Stanier, R. Y. Can. J. Research, F, 23 :48-71. 

1945. 

10. Rahn, 0. Physiology of bacteria. P. Blakiston’s Son and Co, Inc., Philadelphia. 

1932. 

11. Winslow, C.-E. A. and Walker, H. H. Bact. Rev. 3 :147-186. 1939. 



192 


THE FRICTION OF HEATED SLEIGH RUNNERS ON ICE 1 

By P. M. Pfal/ner 2 

Abstract 

An attempt was made to reduce the sliding friction of sleigh runners on ice at 
20°F. f 0° F., and —10° F. by applying heat to the runners. The efficiency of 
this method was found to be less than 20%. Some doubt is thrown on the 
simple theory that the low friction on ice is due to a lubricating film of water. 

Introduction 

It is common experience that the friction of ice increases at low temperatures 
(1; 4, p. 393) and at —140° C. it is of the same order as that found for other 
unlubricated solids. Sleighs play an important part in transportation in 
Canada, and it was felt that an attempt should be made to investigate means 
of lowering the sliding friction on snow and ice surfaces. Two theories have 
been advanced to account for the ease of sliding on snow and ice at ordinary 
temperatures, the theory of pressure melting, and the theory of melting due 
to frictional heating. Klein (2) who has worked with light loadings per 
sq. in. has favoured the melting-by-friction theory while Wakefield (5) working 
with higher loadings holds that there is a definite change in the friction after a 
particular loading is reached under given conditions (3). Again Bowden and 
Hughes (1) are inclined to support the melting-by-friction theory. 

Common to both these theories, however, is the surmise, that some surface 
melting of the snow or ice occurs, and the resulting thin film of water acts as a 
lubricant. It would thus appear that, if heat were supplied to sleigh runners, 
the process of melting at low temperatures would be facilitated, and, it was 
hoped, that the friction would be substantially reduced thereby. It was 
decided to make experiments on ice surfaces rather than on snow, since ice 
is easier to make and is of a more uniform nature than snow. 

Description of Apparatus 

The experiments were carried out on a turntable driven by an electric 
motor, the speed being variable by means of a rheostat. On this table a 
circular track was built into which water was poured and allowed to freeze. 
The outside radius of the track was 19 in., inside radius 13 in. The surface 
of the ice was smoothed by a cylindrical heating element that could be lowered 
to the track; the axis of the cylinder was horizontal and at right angles to the 
direction of motion of the surface. It was found that the water formed by 
the melting of the ice had to be dried off, otherwise it was inclined to freeze 
again and the surface was not properly finished. The drying of the ice could 

1 Manuscript received September 10 , 1946. 

Contribution from the Heat Section , Division of Physics and Electrical Engineering f 
National Research Laboratories, Ottawa , Canada. Issued as N.R.C. No. 1510. 

* Physicist. 
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conveniently be done with a cotton cloth soaking up the water on the turntable 
just beyond the heated cylinder. Small model sleighs were used, about 3$ in. 
long, 2f in. wide, having two nichrome runners, | in. wide through which 
electric current could be passed. The sleigh was attached to a fixed point 
by a calibrated spring, thus being held stationary on the moving ice track, 
while the extension of the spring gave a measure of the friction between the 
ice and sleigh runners. 

Experimental Method 

A known load was placed on the sleigh, and the turntable set in motion 
at a rate of about 40 to 60 r.p m The extension of the spring holding the 
sleigh was read, first without passing any current through the runners, then 
with currents from 2 to 10 amp passing. The power input was known, and 
the power usefully expended in lowering the friction was calculated from the 
reduction in the frictional force due to the heating current and from the speed 
of revolution. 

It was found that rather less than 10% of the power input was useful; it 
was then decided to pass the current through the front part of the runners 
only rather than through their whole length; this resulted in some saving of 
power input but did not raise the efficiency appreciably. 

Results and Discussion 

The actual figures obtained during the tests are given below in Table I. 
The following is an outline of the calculations, the radius of the turntable, 
measured from the centre to halfway between the runners, was 16 in The 
saving in work was therefore 2 7r X 16/12 X N X F ft. lb /min , where iVis 
the number of revolutions per minute, and F is the difference in force as 
measured by the spring when the runners are unheated and when they are 
heated The expenditure of electi ical energy to get this saving was given by 
the power supplied in watts, and hence, using the relation 1 ft. lb./min. = 
0.0226 w., the efficiency is readily obtained. The important thing to note 
in Table I is that the electrical energy expended simply disappears for the 
most part, and no matter how much power is put in, the efficiency at 20° F. is 
only about 10%, and at most 18% at —10° F. Furthermore the advantage 
in heating merely the front of the runners instead of the whole is relatively 
small. 

The results were rather unsatisfactory in so far as the existing theory was 
concerned, because, if the crucial factor in low friction is a film of water, 
experience in other connections shows that direct heating is more economical 
than frictional heating. It was decided to take the temperature of the runners 
by a thermocouple placed in contact with the runners. In Table II tempera¬ 
tures are given with the sleigh on and off the ice at 20° F. 

These results show that the runners attain the temperature of melting ice 
immediately when placed in contact with the ice surface. Although the 
runners were heated by currents as large as 10 amp., and temperatures of 
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TABLE I 

The efficiency of electrically heated runners 


Conditions of 
experiment 

Speed ot 
turntable 
r p m 

Spring tension 

Power 

saved, 

w 

Heating current 

Power 

supplied, 

w. 

Effi¬ 

ciency, 

% 

Runners 

un¬ 
heated oz 

Runners 

heated, 

oz 

Differ¬ 

ence 

oz 

Amp 

Volts 

Whole length oi runner 

45 

7 50 

6 25 

1 25 

0 67 

6 6 

1 1 

7 2 

9 

heated 










Temp 10® F load 

49 

9 00 

8 00 

1 00 

0 57 

6 6 

1 1 

7 2 

8 

11 lb approx 










Front of runner only 

34 

8 00 

7 50 

0 50 

0 20 

6 9 

0 2 

1 4 

14 

heated 

39 

6 25 

5 75 

0 50 

0 24 

9 0 

0 25 

2 25 

10 

Temp 10° F , load 

36 

1 7 25 

6 50 

0 75 

0 32 

9 0 

0 2 

1 8 

18 

11 lb approx 










Front of runner only 

39 

I 3 0 

2 0 

1 0 

0 46 

9 0 

1 3 

11 7 

4 

heated 

39 

3 0 

2 25 

0 75 

0 35 

6 0 

0 8 

4 8 

7 

Temp 20® F , load 

41 

3 0 

2,5 

0 5 

0 23 

3 0 

0 4 

1 2 

2 

11 lb 

41 

3 0 

3 0 

0 

0 

2 0 

0 3 

0 6 

0 

Front of runner only 

53 

4 25 

4 25 

0 

0 

2 0 

0 3 

0 6 

0 

heated 

53 

4 25 

4 00 

0 25 

0 16 

4 0 

0 6 

2 4 

7 

Temp 20° F load 

53 

4 25 

3 30 

0 95 

0 52 

6 0 

0 9 

5 4 

10 

15 lb 

53 

4 25 

2 75 

1 50 

0 94 

8 0 

1 2 

9 6 

10 


53 

4 00 

2 65 

1 35 

0 89 

10 0 

1 5 

15 0 

7 

Front of runner only 

45 

4 5 

3 5 

1 0 

0 53 

10 0 

0 6 

6 0 

9 

heated 

60 

4 7 

3 7 

1 0 

0 71 

10 0 

0 6 

6 0 

12 

Temp —10° F load 

60 

4 8 

4 0 

0 8 

0 57 

8 0 

0 4 

3 2 

18 

4 1b 

60 

4 8 

4 3 

0 5 

0 36 

6 0 

0 35 

2 1 

17 


TABLE II 

The temperature of the heated runners (ice at 20° F.) 


Heating current 

Sleigh off the ice 

Sleigh on the ice, moving 

Amp. 

Volts 

Potentiometer 

milhamp. 

Temp., ° F. 

Potentiometer 

milhamp. 

Temp., ° F. 

6 

0 4 

1 36 

94 

0 

32 

8 


2 56 

144 

0 

32 

10 


4 19 

209 

0 

32 

0 

0 

-0 194 

22 

-0 140 

25 


over 200° F. were recorded off the ice, the friction fell very little. It is of 
interest to note, however, in Table I, that the benefit derived by heating the 
runners is considerably greater at —10° F. than at +20° F. Hence if this 
heat can be obtained very cheaply, say by special charcoal burners built into 
steel runners or by heat from the exhaust of the tractor, an improvement of 
perhaps 20% might be realized in very cold weather. 
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DRILL FOR DETERMINING THICKNESS OF ICE 1 

By T. D. Northwood 2 

Abstract 

A device is described for qirckly drilling through ice to determine its thickness. 

It consists of an electric heater mounted at the tip of a rod long enough to 
penetrate to the desired depth. The unit drills a half inch diameter hole at the 
rate of about two feet per minute. It operates from a 6 v. storage battery and 
requires about the same power as an automobile starting motor. 

It was recently required to develop a quick method of measuring the 
thickness of ice formed on lakes or rivers to determine the maximum load it 
would bear. The method that seemed most practical was to drill a hole 
through the ice, noting the depth of the drill up to the moment when it plunged 
through the ice. Some mechanical drills were tried and found to be moderately 
successful at temperatures near the freezing point. However, these failed at 
subzero temperatures, where ice becomes glass-like in hardness. More 
successful was a heater device that melts a half inch diameter hole in the ice. 
This was very satisfactory, being capable of drilling through about two feet 
of ice in one minute. 

The construction of the final model is illustrated in Fig. 1. It consists 
essentially of a rod long enough to penetrate the desired range of thickness, 
with an electrically heated tip. A 6 v. storage battery was chosen as a 
convenient, portable source of power. This necessitated a heating clement 
with a resistance of about 0.05 ohms, to dissipate the necessary power. The 
other components of the electrical circuit have a lower order of resistance, 
although the brass tubing that forms the outer' conductor becomes warm 
enough to ensure that it does not freeze in. 

The heating element is a piece of projector carbon (National No. 587) 
shaped to fit between the outer tubing and a retaining screw, which is tapped 
into the central brass rod. Since the carbon becomes red hot, even when 
immersed in ice water, it must be carefully designed to ensure reasonably 
long life. A large contact area is provided at each end of the element to avoid 
overheating at these points and consequent deterioration of both brass and 
carbon. Otherwise a fairly uniform distribution of heat was found desirable 
to avoid uneven expansion and cracking. 

The retaining screw is held firmly against the bottom of the carbon by a 
spring at the upper end of the central rod. This maintains a good electrical 
contact in spite of thermal expansion effects and possible crumbling of the 
contact surfaces of the electrode. The spring tension may be released by 
pressing a knob on the handle. This facilitates the removal of the 

1 Manuscript received September 27, 1946. 

Contribution from the Division of Physics and Electrical Engineering, National Research 
Laboratories, Ottawa, Canada. Issued as N.R.C. No. 1514. 

1 Physicist. 
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retaining screw and replacement of the carbon if necessary. In limited trials 
of the final design in the laboratory the carbon appeared capable of lasting 
indefinitely. However, it is rather fragile and might be broken by rough 
handling. 



Since the electrical load is about equal to that involved in starting an 
automobile, a standard automobile stalling relay was used for switching 
This is mounted on the handle in such a way that it may be operated as a 
push-button. Short flexible cables make connection to a carrying-case 
containing the storage battery. It is, of course, necessary to re-charge the 
battery after about a dozen operations. 
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THE SOLVENT EXTRACTION OF CRUDE MUSTARD GAS 1 

By R. M ungen 2 and H. Sheffer 8 


Abstract 

Equilibrium studies with low-boiling hydrocarbon fractions and crude mustard 
gas indicate that the latter can be extracted to give product purities of approxi¬ 
mately 92 5% with 95% recovery. These values have been verified in the 
operation of a pilot plant for continuous counter-current extraction of crude 
mustard gas. 


One of the simplest and least expensive processes for the manufacture of 
mustard gas involves the direct reaction of ethylene with sulphur mono¬ 
chloride. A product containing approximately 70% /3,/3'-dichlorodiethyl 
sulphide is obtained. Because of the cheapness of the product it is justifiable 
to purify it by means of an additional process, if material richer in j3,/3'-di- 
chlorodiethyl sulphide is desired. As part of a general program to attempt 
to purify the crude material, a solvent extraction process was extensively 
investigated in these Laboratories. 

In 1920 Thompson and Odeen (2) reported an investigation made at 
Edgewood Arsenal, indicating that some hydrocarbons can be used in the 
solvent extraction of crude mustard gas to effect a purification. A detailed 
investigation of equilibrium data and application to pilot plant is 
described here. 

Nature of Crude Mustard Gas 

The samples of crude mustard gas used in this investigation were dark 
brown in colour, contained approximately 70% by weight of /3,j3'-dichloro- 
diethyl sulphide, and had melting points ranging from 5 9° to 6.5° C. The 
impurities present are complex in nature and have not been completely 
determined. Organic polysulphides as well as free sulphur in a colloidal 
form are known to be present. Sulphur is readily precipitated on addition of 
many types of chemicals (e.g. ammonia) to the crude material. During 
distillation a black tarry residue is formed. In any purification process it 
would be desirable to avoid decomposition due to excess heating or chemical 
reaction. 

Solubility Studies of Solvents for /?,/3'-Dichlorodiethyl Sulphide 

Studies of the solubility of crude mustard gas in a large number of organic 
solvents were undertaken to find a suitable solvent for the extraction of 
j8,j8'-dichlorodiethyl sulphide. The majority of these liquids were completely 
miscible with the crude material at ordinary temperatures. Others reacted 

1 Manuscript received September 7, 1946. 

Contribution from Chemical Warfare Laboratories, Ottawa. 

* Formerly Major , Canadian Army; present address , Massachusetts Institute of Technology , 
Cambriige , Mass. 

9 Major , Canadian Army. 
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with it, in many cases precipitating sulphur. It was concluded that hydro¬ 
carbons in the pentane boiling range were the most suitable solvents for the 
purification of crude mustard gas. 

Extraction Experiments 

Single Batch Extractions 

Initial extraction experiments were carried out by shaking crude mustard 
gas with solvent in a separatory funnel. After separation, the solvent layer 
• was removed and analysed. 

Crude material, containing 70% by weight of /3,/3'-dichlorodiethyl sulphide, 
was extracted with an equal volume of petroleum ether (boiling range 30° to 
60° C.). When the solvent was removed from the resulting solvent layer, a 
product of approximately 80% purity was obtained. From this it is seen that 
a partial purification can be made using solvent extraction. 

Continuous Extraction 

A small glass column (1 in. inside diameter, 4 ft. long) was built to study 
continuous counter-current extraction of /3,/3'-dichlorodiethyl sulphide from 
the crude material. The specific gravity of the mustard gas was 1.3 and 
that of the solvent 0.65. The flow rate of the crude mustard gas feed was 
10 ml. per minute and the solvent flow rate was varied to give solvent/fced 
ratios (by weight) of from 1/1 to 6/1. 

It was found that about 85% of the available /3,/T-dichlorodiethyl sulphide 
could be extracted as an 80% pure product using a solvent/feed ratio of 5/1. 
Using a solvent/feed ratio greater than this increased the yield but reduced 
the purity of the product. 

From this result it was apparent that products of high percentage purity 
with good recovery could be obtained only from a complete extraction system 
including rectification. More complete equilibrium data were required to 
continue work on a pilot plant scale. 

Equilibrium Studies 

The solvent, chosen from a consideration of cost, availability, and solvent 
properties was ‘Skellysolve A' a mixture of pentanes with a boiling range of 
93° to 97° F., 60% boiling at 94° F. 

For the equilibrium studies the crude material is considered to be a two 
component system, /3,/S'-dichlorodiethyl sulphide (hereafter designated l H') 
and I (I « impurities). Th>e data are based on the three component system 
‘Skellysolve A 

In order to obtain a wide range of points on the equilibrium curve, it was 
necessary to have mustard gas samples of a wide range of purities. Samples 
rich in H were obtained by adding extracted material to nearly pure H or 
vice versa. Samples low in H and high in I content were obtained by con¬ 
tinued re-extraction of the crude mustard. 



200 CANADIAN JOUkNAL OF RESEARCH. VOL. 2S, SEC. F. 

All the batch extractions were carried out at 25° ± 0.01® C. in three-necked 
flasks, fitted with stirrers. Sufficient quantities of solvent and mustards of 
various purities were used to give at least 100 gm. of solvent-free extract and 
residue in each case. After being stirred for 30 min., the contents of the 
flasks were allowed to settle into two layers. These were carefully sampled 
after the attainment of equilibrium. The bulk of the solvent in each portion 
was removed by distillation, the last traces being removed under vacuum. 
From the weight loss the percentage of solvent was obtained. 

The II contents of the solvent-free extracts and raffinates were obtained by 
means of vacuum distillation using a standardized method. Corrections for 
impurities carried over during distillation were made on the basis of melting 
points of the distillates. Verification of the distillation data could be made by 
means of sulphur analyses, since a straight line relationship was found to 
exist between total sulphur content and purity of the mustard gas samples. 
For samples approaching 100% in II content, the distillation method gave 
results with a reproducibility of 0.2%. As the purities were lowered the 
results were less accurate. Care had to be taken in the distillation of raffinates 
low in II because of decomposition and evolution of gases on heating the 
material under vacuum. On such samples, therefore, the distillation results 
may be in considerable error. However, in the case of the raffinate with the 
lowest II content (5%), an error of as much as 100% would not affect the 
position of the equilibrium curve a great deal. 

TABLE I 

Equilibrium data—system ‘Skellysolve A'-II-I at 25°C. 


Composition of extract (solvent layer) Composition of rafiinate (extracted crude layer) 


%B 

%i 

i 

% Solvent 

% Purity 
(solvent- 
free) 

%n 

%i 

% Solvent 

% Purity 
(solvent- 
free) 

34.0 

0 3 

65.7 

99.1 

81.2 

0.7 

18.1 

99.1 

33.7 

1.3 

65.0 

96.2 

78.8 

3.0 

18.2 

96.3 

32.9 

2.1 

65.0 

94.0 

76.5 

4.9 

18.6 

94.0 

32.8 

3.2 

64.0 

91.2 

74.2 

7.3 

18.5 

91.0 

31.9 

3.1 

65.0 

91.1 

73.6 

7.5 

18.9 

90.7 

30.4 

3.3 

66.3 

90.1 

74.0 

8.9 

17.1 

89.3 

30.0 

3.3 

66.7 

89.9 

72.4 

9.6 

18 0 

88.3 

27.9 

4 4 

67.7 

86.3 

69.3 

14.5 

16.2 

82.7 

25.4 

4.5 

70.1 

85 0 

68 9 

16.6 

14 5 

80.6 

23.0 

4.6 

72.4 

83 3 

66.3 

21.4 

12.3 

75.6 

21.0 

5.1 

73.9 

80 4 

63.1 

25.6 

11.3 

71.1 

17.2 

5.4 

77 4 

76 2 

53.5 

37.9 

8 6 

58.6 

13.9 

6.0 

80 1 

69 9 

44.6 

49 3 

6.1 

47.6 

13.4 

5.8 

80.8 

69.8 

42.1 

51.3 

6.6 

45.1 

9.9 

6.1 

84.0 

61.9 

— 

— 

— 

_ 

8.9 

6 1 

85.0 

59.4 

30.3 

64.7 

5.0 

31.9 

7 2 

5.7 

87.1 

55.8 

27.1 

69.3 

3.6 

28.1 

5.4 

5.2 

89 4 

50.9 

22.0 

74.3 

3.7 

22.9 

4.1 

4.9 

91.0 

45.7' 

— 

— 

2.9 

_ 

2.4 

4.3 

93.3 

35.5 

4.9 

92.6 

2.5 

5 
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The equilibrium data are given in Table I and are represented graphically 
Figs. 1 and la. 



0 10 20 30 40 50 60 70 80 90 100 

Wt. % H in Raffinate Layer (solvent-free basis) 



Wt. % H (solvent-free basis) 


Figs. 1 and la. Equilibrium data . 

System 1 Skcllysolve at 25° C 
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Pilot Plant Application of Equilibrium Studied 

The method of treating the equilibrium data was that given by Maloney 
and Schubert (1). The equilibrium data were used to calculate the opera¬ 
tional variables of the extraction column. These include solvent dosage, 
reflux ratio, and number of transfer units for a given separation. The results 
of these calculations based on enlargements of Figs. 1 and la are given in 
Table II. Figs. 2, 3, and 4 give the number of theoretical contact units for 
recoveries of 85, 90, and 95% at purities of 85, 90, and 92.5%. 

TABLE II 


T.C.U.'S AS A TUNCTION OF REFLUX RATIO FOR VARIOUS II RECOVERIES, 
B, AND PRODUCT PURITIPS, Xe 


Reflux 

ratio 



X E = 

92 5% 



X B - 

' 90% 



X* - 

' 85% 



B 


85 


90 


95 


85 


90 

1 

95 


85 


90 


95 



x R 


29 

4% 

21 

9% 

12 

5% 

31 

2% 

23 

5%i 

13 

5% 

35 

0% 

27 

1% 

16 

i% 

4 

m -f 

n 

27 

4 

27 

8 

28 

5 

9 

4 

9 

7 

10 

4 

4 

3 

4 

9 

5 

3 


m 


3 

4 

3 

8 

4 

5 

2 

6 

3 

0 

3 

4 

2 

0 

2 

6 

3 

0 

6 

m 4- 

n 

21 

8 

22 

2 

22 

8 

8 

3 

8 

8 

9 

2 

3 

9 

4 

3 

4 

8 


m 


2 

8 

3 

2 

3 

8 

2 

3 

2 

8 

3 

2 

1 

9 

2 

3 

2 

8 

8 

m -f 

n 

19 

5 

19 

9 ! 

20 

3 

7 

6 

8 

2 

8 

6 

3 

8 

4 

2 

4 

6 


m 


2 

5 

2 

9 

3 

3 

2 

0 

2 

6 

3 

0 

1 

8 

2 

2 

2 

6 

10 

m + 

n 

18 

9 

19 

2 

19 

6 

7 

4 

8 

0 

8 

2 

3 

7 

3 

9 

4 

2 


m 


2 

3 

2 

6 

3 

0 

1 

9 

2 

5 

2 

7 

1 

7 

1 

9 

2 

2 

20 

m 4- 

n 

17 

6 

17 

9 

18 

3 

6 

9 

7 

5 

7 

7 

3 

5 

3 

7 

3 

9 


m 


2 

1 

2 

4 

2 

8 

1 

7 

2 

3 

2 

5 

1 

6 

1 

8 

2 

0 

oo 

m 4“ 

n 

16 

9 

17 

2 

17 

5 

6 

0 

6 

8 

7 

0 

3 

3 

3 

5 

3 

7 


m 


1 

7 

2 

0 

2 

3 

1 

7 

2 

0 

2 

2 

1 

6 

1 

8 

2 

0 


T.C.U — theoretical contact unit 

m *= T C. IPs for stripping section 
n =» T.C. ITs for enriching section. ^ 

Xr = H content of raffinate. 

From the equilibrium data it is apparent that it is not possible to obtain 
100% pure (i, j3'-dichlorodiethyl sulphide from the crude material using a sol¬ 
vent extraction process with pentane fractions as the solvent. The maximum 
purity that can be expected with a reasonable number of contact units and 
practical reflux ratio is about 92.5%. From the small column extractions, 
and the equilibrium data it was possible to estimate the height of a theoretical 
contact unit. This height was found to vary markedly with flow rates, but 
for practical flows was from 3 to 5 ft. 
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Fig. 2. Theoretical contact units required to produce 85% product purity as a function of 
reflux ratio for various H recoveries. 



Fig. 3. Theoretical contact units required to produce 90% product purity as a function of 
reflux ratio for various H recoveries. 
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Fig. 4. Theoretical contact units required to produce 92.5% product purity as a function 

of reflux ratio for various II recoveries. 

The Pilot Plant 

The arrangement of the pilot plant equipment is shown schematically in 
Fig. 5. The unit was built to accommodate a feed capacity of about 500 lb. 
per day. The plant was installed in an old ventilation shaft that was of 
such a height as to allow the installation of about 38 ft. of useful column 
length. 

The extraction column was of standard 4-in. iron pipe assembled from 6-ft. 
lengths with standard couplings. The packing was £-in. glass raschig rings. 
The column was wound with resistance wire over its entire length and insulated 
with ‘rock-wool’ to permit temperature regulation. The crude feed entered 
at the 12 ft. level. 

The solvent stripper was made of 14 gauge, 18-8 stainless steel 10 ft. long 
and 2 in. in diameter. It was fitted with a steam jacket operated at 5 to 10 
lb. steam pressure. 

The product cooler was a water-jacketed 18-8 stainless steel tube f-in. 
I.P.S., 6 ft. in length. The solvent condenser was of the ordinary tube 
variety made of mild steel. The condenser was 5 ft. long, 6 in. in diameter, 
and had 17 J-in. I.P.S. tubes. The cooling water flowed through the tubes. 

The feed pump was a Hills-McCanna proportionating pump. The solvent 
reflux pumps were rotary gear pumps made by the Viking Pump Co. 
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Fig 5 Flow diagram, pilot plant. 


The recycle regulator was operated magnetically on a time ratio Since 
this is common practice it is not described in detail. 

The feed burettes were made of 3-in. I P.S. mild steel, 4 ft. long, fitted with 
full length sight-gauges. They were calibrated in 100 ml. units and served 
to adjust the feed rate of the pump. The two burettes were arranged so that 
one could be filled while the other supplied the pump with feed liquid. The 
line from the feed drum to the burettes passed through a glass wool filter to 
prevent sulphur (often present in the stock) fiom reaching the pump and 
interfering with the valve operation. 

The product and raffinate receivers were 45-gal. drums fitted with sight- 
gauges The solvent receiver and reflux receiver were smaller mild steel 
drums also fitted with sight-gauges. 

The lines and fittings were all of J-in., f-in., and J-in. I.P.S. mild steel. 
The globe valves were of iron, made by Jc nkins Valve Co., Montreal. 

The solvent rotameter was a standard Schutte-Koerting model. 

Operation of the Pilot Plant 

To start operating, crude mustard gas was fed into the column until it 
appeared in the sight-gauge (12 ft. from bottom of column). The solvent 
was then pumped in at a slow rate. As the interface began to rise the solvent 
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rate was increased and the feed rate reduced. The flow rates were gradually 
adjusted to desired values and the interface kept at a definite level by 
adjusting the rate of removal of raffinate. Continuous operation was auto¬ 
matic, requiring minor adjustments to flow rates and temperatures. There 
was no trouble from plugging of lines by sulphur deposits. The raffinate 
flowed freely. 

Results of Continuous Extraction Runs 

Table III summarizes the data collected from data sheets for typical runs* 
The continuous extraction runs demonstrate the effect of varying flow rates, 
solvent dosage, and reflux ratio. The temperature of the column was kept at 
25° C. for all runs. Table III includes calculated H.T.C.U. for the operating 
conditions used. For Run 17, the feed inlet was moved to the 24 ft. level. 


TABLE III 

Plant operational data 


Run No 

2 

i 

6 

8 

9 

10 

14 

17 l 

Duration of run (hr ) 

Reflux ratio 

Feed rate, ml /nnn 

Feed rate, lb /hr /sq ft 

Solvent rate, ml /min 

Solvent rate, lb /hr /sq ft 

Solvent dosage, lb solvent/lb feed 

21 

4/1 

100 

205 7 
2000 
1881 

9 2 

43 

6/1 

1 30 

61 7 
670 

630 

10 2 

29 

6/1 

50 

102 9 
910 

856 

8 3 

24 

6/1 

70 

143 9 
1275 
1200 

8 35 

31 

8/1 

40 

82 3 
910 

856 

10 4 

68 

8/1 

43 

88 4 
910 

856 

9 7 

23 

3 5/1 
50 

102 9 
1025 

965 

9 4 

Crude 

mustard 

feed 

M p, °C 

6 1 

6 1 

6 1 

6 5 

6 5 

5 9 

6 0 

Wt % H content by 
distillation 

70 1 

70 1 

70 1 

70 2 

70 2 

69 9 

70 0 

Extract 
product 
on sol- 
vent-free 

% lotal recovery 

73 6 

69 8 

61 2 

58 8 

61 

0 

55 2 

80 5 

% H recovery 

87 2 

86 0 


74 4 

80 6 

72 2 

94 2 

basis 

M p, °C 

9 0 

9 9 



12 

0 

11 6 

8 7 


Wt % H content by 
distillation 

83 1 

86 0 

89 1 

87 5 

92 

5 

91 3 

82 2 

*% Solvent in product 

4 3 

4 4 

4 2 

4 4 

4 

1 

4 6 

4 3 

Raffinate on 
solvent- 
free basis 

% Total feed 

25 8 


39 4 

40 2 

38 

2 

46 3 

20 0 

Wt % H content 

32 9 

29 8 

38 7 

49 3 

39 

2 

45 2 

19 5 

% Solvent in raffinate 

5 2 

4 0 

1 

5 2 

6 3 

5 

2 

5 4 

3 1 

TCU’s m 

TCU’s n 

HTCU m 

H.TCU n 

1 5 

2 0 
16 

6 

2 2 

2 0 
10 9 

6 

4 3 

2 0 

5 6 

6 

3 2 

1 5 

7 5 

8 ! 

9 

8 3 

1 8 

2 9 

6 7 

1 2 

2 8 

10 0 

8 6 


x Stripping section 24 ft 
Lnri king section 12 ft, 

JI,T,C U *■ height of theoretical contact unit 
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Since the reflux enters at the top of the column a certain fraction of the 
enriching section is required for mixing. At the bottom the solvent must 
mix with the raffinate before equilibrium is approached and a portion of the 
stripping section is used for this purpose. The portion of the column used 
for mixing is unknown and as a result errors are introduced into calculation of 
the H.T.C.U. 

The time required to reach equilibrium was different for the stripping 
section as compared to the enriching section. A product of constant melting 
point would appear in four hours, but the composition of the raffinate would 
not agree with its calculated value (related to the product) for as long as 24 hr. 

The product, containing 4 0 to 4 5% solvent, varied in colour from pale 
yellow to almost colourless, depending on the purity. The iron and acid 
contents were negligible. There was a slight deposit of sulphur from extract 
products of high purity. Occasionally sulphur precipitated from the product 
in the product cooler, but never in sufficient quantities to cause trouble. This 
sulphur was most probably carried over by the solvent when high reflux 
ratios were used and remained in the product when the solvent was removed. 
Another source of sulphur would be the polysulphides, which may partially 
decompose on removal of the solvent at 100° C. 

Discussion 

Pilot plant operation has demonstrated that a maximum purity of approxi¬ 
mately 92.5% can be obtained under extreme conditions of reflux, etc., as 
predicted by the equilibrium data. 

An examination of Table III shows that only by accepting low yields and 
using reflux ratios of 8/1 was it possible to obtain a product approaching 
maximum purity (Runs 10 and 14). This indicates that the stripping section 
was of insufficient length to produce good stripping. In Run 17 when the 
stripping section was 24 ft. long the yield of available j3,j3'-dichlorodiethyl 
sulphide was 94%. The column was not long enough to give a product of 
maximum purity together with good yields. 

It is to be noted that the H.T.C.U.-stripping seems to be much less affected 
by flow rates than the H.T.C.U. in the enriching section. Under favourable 
conditions (Runs 10 and 14) the H.T.C.U.-enriching is about 3 ft., while the 

H. T.C.U.-stripping is from 6 to 8 ft. in all the runs. 

The complete assessment of the product depends on many factors, including 
storage trials in weapons. All that can be given here are the j3,/3'-dichloro- 
diethyl sulphide contents and melting points as listed in Table III. 
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THE ROTPROOFING EFFICACY OF MIXTURES OF 
METALLIC NAPHTHENATES 1 

By C. H. Bayley 2 and Muriel W. Weatherburn 2 


Abstract 

The weathering characteristics of cotton duck treated with copper or zinc 
naphthenate containing mercury naphthenate or phenyl mercury naphthenate, 
and the effect of weathering on the rotproofing efficacy of these treatments as 
judged by the soil burial method, have been investigated. The presence of the 
mercury compounds reduced the loss of copper during burial ana did not affect 
the weathering properties of the treated fabrics. 

In an investigation of the rotproofing efficacy of binary mixtures, the naph- 
thenates of cadmium, chromium, copper, iron, lead, mercury, silver, and zinc, 
containing a total of 0 2% metal, showed in general greater resistance to attack 
during soil burial than did samples containing the same percentage of metal in 
the form of single naphthenates. Ternary mixtures of the naphthenates of 
cadmium, copper, lead, mercury, silver, and zinc, applied to cotton fabric in 
equivalent concentration of total metal, were in general more effective than the 
binary mixtures of the same compounds. 


Metallic naphthenates which have been used for the rotproofing of cellulosic 
textiles, cordage, etc., include chiefly those of copper and zinc. It has been 
found (6)* that the naphthenic acids used in the preparation of naphthenates 
impart considerable rot resistance to cotton fabrics. There is little doubt 
that this property of naphthenic acids contributes markedly to the usefulness 
as a rotproofer of such compounds as copper naphthenate in which the cation 
is itself a powerful fungicide. The amount of published information on other 
metallic naphthenates is limited and does not indicate any high degree of 
efficacy when these compounds are used singly. 

Cadmium naphthenate has been reported (8) to be less effective than 
copper naphthenate. A commercial preparation containing iron naphthenate 
in conjunction with an aluminium compound and tar oils gave some protection 
when used on cotton fish nets, but was inferior to copper or zinc naphthenates 
(1). In tests with jute (4) mercury naphthenate was found to be inferior to 
copper naphthenate. Cotton duck treated with silver naphthenate in con¬ 
centrations of 0.0084 and 0.0421% silver in Stoddard solvent solutions gave 
severe losses in breaking strength in a four weeks’ soil burial test (7). Although 
these concentrations were of a very low order, it has been claimed (8) that 

1 Manuscript received February 12 , 1947 . 

Contribution from the Division of Chemistry , National Research Laboratories , Ottawa, 
Canada. Issued as N.R.C. No. 1531. 

2 Chemist. 

* And unpublished data , National Research Laboratories , Ottawa . 
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silver compounds have no practical value as fungus inhibitors on fabric or 
cordage and that their efficiency is not sufficient to offset their cost. However, 
in another investigation (5) silver naphthenate in conjunction with chlorinated 
rubber and a plasticizer gave promising results on linen twine subjected to sea 
immersion. 

In a previous publication (2) it had been shown that the addition of small 
quantities of mercury naphthenate to copper naphthenate improved greatly 
the efficacy of the latter compound in inhibiting the growth on unbleached 
cotton duck of the surface growing fungus Aspergillus niger and a cellulose 
destroying species of Penicillium. The data given in this paper comprise the 
results of two further studies. The first of these covers an extension of the 
previous work to a study of the comparative rot proofing efficacy, as judged by 
soil burial and resistance to weathering, of phenyl mercury naphthenate and 
mercury naphthenate in admixture* with copper and zinc naphthenates, 
respectively. Secondly, the rotproofing efficacy as measured by the soil burial 
test was determined for other metallic naphthenates, viz., those of cadmium, 
chromium, copper, iron, lead, mercury, silver, and zinc, in binary mixtures 
containing equal concentrations of the metals, and, with the exception of 
chromium and iron, in ternary mixtures containing equal concentrations of 
metals. The single naphthenates were included as controls. 

A. Materials and Methods 

The metallic naphthenates used were prepared by Nuodex Products Inc., 
Elizabeth, N.J., U.S.A., or by Nuodex Products of Canada Ltd., Leaside 
(Toronto), Ont., and were obtained through the latter firm. They contained 
the percentages of metal shown, viz.: cadmium 8.10, chromium 7.95, copper 
8.10, iron 6.06, lead 23.93, mercury 24.90, phenyl mercury 10.08, silver 
8.20, and zinc 8.18. 

The fabrics used were unbleached cotton army ducks weighing 10 and 12 oz. 
per sq. yd., and a No. 8 unbleached duck of 18 oz. per sq. yd. Throughout 
this paper these ducks are referred to as ‘10 oz.’, ‘12 oz.’, and ‘18 oz.’ ducks, 
respectively. 

The treatments were applied from solutions in Stoddard solvent as 
previously described (2). In the treatments involving zinc naphthenate 
mixed with mercury naphthenate and phenyl mercury naphthenate respec¬ 
tively, a wax waterproofing compound consisting of a mixture of paraffin wax 
and petrolatum (3) was incorporated in the treating solution to give approxi¬ 
mately 10% of the mixture on the dry weight of the treated fabric. 

In the study of the effect of weathering and of soil burial on copper and 
zinc naphthenates in the presence of mercury compounds the percentage of 
copper in the copper naphthenate treated samples was 0.20, the mercury 
compounds being present in amounts corresponding to 0.005, 0.01, 0.03, 
and 0.05% mercury; the percentage of zinc in the samples treated with zinc 
naphthenate was 0.79, the mercury compounds being present in amounts 
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corresponding to 0.01 and 0.05% mercury. All percentages of metal are 
calculated on the basis of the dry treated sample, the copper and zinc being 
determined as described previously (9, 10). 

The samples used in studying the effect of binary mixtures of metallic 
naphthenates contained approximately 0.1% of each metal in the form of 
naphthenates, the control samples (one metal only) containing 0.1 and 0.2% 
metal. With the samples containing ternary mixtures of naphthenates the 
total content of metal was 0.2% as above, the content of each metal being 
approximately 0.07%, the control samples being as described above. The 
percentages of metal shown were calculated on the dry weight of the treated 
fabric and were obtained from the wet pick-up data. 

The details of the leaching, soil burial, weathering, and breaking strength 
techniques employed, and also the record of weather conditions during the 
exposure period, have been given in an earlier paper (3). In certain cases an 
estimate of microbiological attack occurring during soil burial was made on 
the basis of an arbitrary system of growth ratings (A to F) obtained indepen¬ 
dently by three observers. It was found that the observations so obtained 
were sufficiently uniform to permit this system of rating to be used in judging 
the extent of microbiological attack without the necessity of carrying out 
breaking strength measurements. The ratings used were as follows: 

A —No growth. 

B —Very slight surface growth. 

C —Moderate growth but not over whole surface; fabric remains strong to 
pulling by hand. 

D —Heavy growth over whole surface; noticeable weakening of fabric. 

E —Very heavy growth over whole surface with noticeable thinning of 
fabric and possible development of holes. 

F —Fabric partially or entirely disintegrated. 

B. Experimental Results 

1. Effect of Mercury Compounds on the Soil Burial and Weathering Charac¬ 
teristics of Copper and Zinc Naphthenate Treated Samples 

Table I gives the data showing the effect of soil burial on loss in breaking 
strength and copper content of 18 oz. cotton duck treated with mixtures of 
copper naphthenate and mercury naphthenate, or phenyl mercury naph¬ 
thenate. The effect of soil burial, weathering, and weathering followed by 
soil burial, on loss in breaking strength of 12 oz. cotton duck similarly treated 
is shown in Table II. Table III gives similar data for 10 oz. duck treated 
with zinc naphthenate and the two above-mentioned mercury compounds. 

(a) Burial Effects 

It will be apparent from the data in Table I that the samples of duck treated 
with the mercury compounds alone showed little or no resistance to rotting. 
The sample treated with copper naphthenate alone (0.20% copper) showed a 
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TABLE I 

Effect of burial on the breaking strength and copper content of 18 oz. cotton 

DUCK TREATED WITH COPPER NAPHTHENATE PLUS MERCURY NAPHTHENATE 
OR PHENYL MERCURY NAPHTHENATE 


Original metal 
concentration, % 

Decrease in breaking strength, % of orig. 

Decrease in copper content, % of orig. 

Mercury 

naphthenate 

Phenyl mercury 
naphthenate 

Mercury 

naphthenate 

Phenyl mercury 
naphthenate 



Leached 24 hr. 

Leached 24 hr. 

Leached 24 hr. 

Leached 24 hr. 



and buried 

and buried 

and buried 

and buried 

Copper 

Mercury 











2 wk. 

4 wk. 

2 wk. 

4 wk. 

2 wk. 

4 wk. 

2 wk. 

4 wk. 

0.20 

0.005 

6 

38 

7 

32 

25 

20 

20 

23 

0.20 

0.01 


28 

8 

10 

— 

15 

23 

23 

0.20 

0.03 

5 

5 

+2 

5 

30 

20 

20 

20 

0.20 

0.05 

0 

8 

12 

4 


15 

20 

20 


Controls 


1 

0 

0.005 

78 

. 

71 

w 

_ 

_ 

_ 

_ 

0 

0.01 

88 

— 


■ 

— 

— 

— 

— 

0 

0.03 

92 

— 



— 

— 

— 

— 

0 

0.05 

84 

— 


. 

— 

— 

— 

— 

0.20 

0 

30 

64 

'Baj 


50 

64 




TABLE II 

Effect of outdoor weathering and burial on the breaking strength of 12 oz. cotton 

DUCK TREATED WITH COPPER NAPHTHENATE PLUS MERCURY 
NAPHTHENATE OR PHENYL MERCURY NAPHTHENATE 


Decrease in breaking strength, % of original 


Original metal 
concentration, % 

Mercury naphthenate 

Phenyl mercury napthenate 

Wcath. 

4 mo. 

Weathered 

4 mo. and buried 

Buried 

4 wk. 

leached 
24 hr. 
and 
buried 

4 wk. 

Weath. 

4 mo. 

Weathered 

4 mo. and buried 

Buried 

4 wk. 

Leached 
24 hr. 
and 
buried 

4 wk. 

Copper 


2 wk. 

4 wk. 

2 wk. 

4 wk. 

0.26 


36 

50 

97 


37 

31 

57 


15 

10 



37 

65 

96 


31 

36 

49 

— 

14 

17 

0.26 


35 

54 

96 

17 

31 

32 

55 

— 

16 

31 

0.26 


39 

64 

95 

5 

16 

34 

49 

— 

— 

8 


Controls 


i 

0 

0.005 

34 

93 

93 

_ 


39 

75 




0 

0.01 

32 

90 

97 

— 

— 

40 

76 

— 

— 

— 

0 

0.03 

39 

87 

97 

— 

— 

40 

— 

— 

_ 

_ 

0 

0.05 

29 

83 

93 

— 

— 

41 

— 

— 

— 

_ 

0.26 

0 

36 

54 

96 

35 

76 

— 

— 

— 

— 

— 

0 

0 

42 





~ 

~ 

~ 
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TABLE III 

Effect of outdoor weathering and burial on the breaking strength of 10 oz. cotton 

DUCK TREATED WITH ZINC NAPHTHBNATB PLUS MERCURY NAPHTHENATE 
OR PHENYL MERCURY NAPHTHENATE AND WAX 


Original metal 
concentration, % 


Zinc 


Mercury 


Decrease in breaking strength, % of original 


Mercury naphthenate 

Phenyl mercury naphthenate 

Weath. 
4 mo. 

Weath. 4 mo. 
and buried 

Buried 
2 wk. 

Leached 24 hr. 
and buried 

Weath. 
4 mo. 

Weath. 4 mo. 
and buried 

Buried 
2 wk. 

Leached 24 hr. 
and buried 

mEa 

2 wk. 

4 wk. 

2 wk. 

4 wk. 

2 wk. 4 wk. 


Without wax 


0.79 

0.79 

0.01 

0.05 

43 

47 

79 

85 

97 

97 

9 

+7 

1 

6 

83 

86 

44 

46 

84 

90 

98 

97 

+16 

14 

+1 

+7 

97 

96 

Controls 




0 

0.05 

47 

81 


100 

100 

■ 

m 

m 


m 

m 


0.79 

0 

38 

81 

96 

20 

27 

93 



_ 



_ 

0 

0 

41 

89 


98 

100 

H 

B 

m 

B 

B 

H 

— 


With nax 


0.79 

0.79 

0 01 

0 05 

66 

67 

82 

81 

i 

97 

97 

■ 

+6 

+1 

74 

38 

68 

63 

77 

72 

98 

98 

+6 

9 

+8 

7 

74 

41 

Controls 



0.79 

m 

68 



8 

17 

82 


B 





0 

Hi 

69 


fli 

100 

100 

— 



— 

— 

— 

— 


breaking strength loss of 30 and 64% after leaching followed by two and four 
weeks* burial, respectively. The addition of the mercury compounds reduced 
these losses to an insignificantly low level. Similar breaking strength effects 
were observed with the 12 oz. duck (Table II), the best resistance to soil burial 
being shown by the copper treated sample containing 0.05% mercury. The 
presence of the mercury compounds likewise reduced the strength losses 
resulting from soil burial in the samples treated with zinc naphthenate 
(Table III). 

It is of interest to note that the loss of copper during soil burial (Table I) 
was considerably less in the presence of the mercury compounds. This is 
probably due to the effect of the latter compounds in reducing the activity of 
copper tolerant organisms, many of which are known to bring about solubiliza¬ 
tion and consequent loss by leaching of copper compounds. 
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( b ) Weathering Effects 

It will be noted that with the samples treated with copper and mercury 
naphthenates either singly or in mixtures (Table II), or with zinc and mercury 
naphthenates (Table III), there was no evidence of increased breaking strength 
losses over that shown by the untreated control on weathering. 

In this series the increased breaking strength losses shown by the waxed 
samples substantiate previous data covering the use of the same wax com¬ 
pound (3). Further investigation has shown that this effect is due largely or 
entirely to the petrolatum constituent. The mercury compounds had no 
effect on the breaking strength losses of copper naphthenate or zinc naph- 
thenate treated samples followed by soil burial. It has previously been shown 
(3) that mercury naphthenate and zinc naphthenate are readily removed by 
weathering for four months, and this explains the lack of efficiency with 
respect to rotproofing after weathering. 

2. Effect of Soil Burial on Samples Treated with Binary and Ternary Mixtures 
of Metallic Naphthenates 

Tables IV, VI, VIII, and X give growth rating data for binary and ternary 
mixtures of the various metallic naphthenates after leaching followed by burial 
for two and four weeks, respectively. The data given in Tables V, VII, IX, 
and XI show the frequency of occurrence of growth ratings for various metallic 
radicles when used as single naphthenates or binary mixtures of naphthenates 
(Tables V and VII) or ternary mixtures of naphthenates (Tables IX and XI). 

TABLE IV 

Growth rating ok 10 oz . cotton duck trrated with metallic naphthenates, singly 
( 0.1 and 0.2% metal on fabric) and in binary mixtures (0.1% ok each metal 
on fabric) after burial for two weeks with preliminary leaching 


Metallic 
naphthenate 
(0 1% metal) 

Metallic naphthenate (0.1% metal) in combination with metallic 
naphthenate (0 1% metal) in left-hand column 

Cadmium 

Chrdmium 

Copper 

Iron 

Lead 

Mercury 

Silver 

Zinc 

_ 

D 

D 

C-D 

D-E 

E 

D 

D 

D 

Cadmium 

C 

D 

B 

D 

C 

A 

C 

C 

Chromium 

D 

D 

D 

E 

E 

B 

E 

D 

Copper 

B 

D 

B 

D 

D 

A 

B 

C 

Iron 

D 

E 

D 

E 

D 

B 

D 

D 

I^ead 

C 

E 

D 

D 

D 

B 

D 

C 

Mercury 

A 

B 

A 

B 

B 

B 

B 

B 

Silver 

C 

E 

B 

D 

D 

B 

D 

c 

Zinc 

C 

D 

C 

D 

C 

B 

C 

D 


The growth ratings for samples treated with single naphthenates and with 
binary mixtures of naphthenates and subjected to soil burial for two weeks 
with preliminary leaching (Table IV) show that copper and mercury when 
used singly (0.2% metal) gave marked resistance to microbiological attack; 
cadmium gave moderate resistance, whereas the other compounds gave little 




BAYLEY AND WEATHERBURN: ROTPROOFING EFFICACY OF METALLIC NAPHTHENATES 215 

TABLE V 

Frequency of occurrence of growth ratings for various metallic radicles when 

USED AS SINGLE NAPHTHENATES (0.2% METAL ON FABRIC) OR IN BINARY MIXTURES 
OF NAPHTHENATES (0. 1% OF EACH METAL ON FABRIC), AFTER BURIAL 
FOR TWO WEEKS WITH PRELIMINARY LEACHING 


Metallic radicle 

A 

B 

c 

D 

E 

F 

l l 

2* 

1 

2 

1 

2 

1 

2 

1 | 

2 

1 

2 

Cadmium 


1 


1 

1 

3 


2 

B 




Chromium 

— 

— 

— 

1 

— 

— 

1 

3 

E 

3 

— 

— 

Copper 

— 

1 

1 

2 

— 

1 

— 

3 



— 

— 

Iron 

— 

— 

— 

1 

— 

— 

i 

5* 



— 

— 

Lead 

— 

— 

— 

1 

— 

2 

1 

3 



— 

— 

Mercury 

— 

2 

1 

5 

— 

— 

— i 

— 


Ei 

— 

— 

Silver 

— 

— 

— 

2 

— 

2 

1 

2 

— 

i 

— 

— 

Zinc 

— 


— 

1 

— 

4 

1 

2 

— 

— 

— 

— 

Total occurrence 

0 

4 

2 

14 

1 

12 

4 

20 

1 

6 

0 

0 

% of possible 

0 

7 

25 

25 

13 

21 

50 

36 

13 

11 

0 

0 

occurrence 





! 


| 







1 Single compound . 

* Binary mixture of compounds. 

TABLE VI 

Growth rating of 10 oz. cotton duck treated with metallic naphthenates, singly 
(0. 1 AND 0.2% METAL ON FABRIC) AND in BINARY MIXTURES (0. 1% of EACH METAL 
ON FABRIC) AFTER BURIAL FOR FOUR WEEKS WITH PRELIMINARY LEACHING 



or no resistance. ‘ A comparison of the over-all effectiveness of the compounds 
is given in Table V, in which the frequency of occurrence of the six growth 
ratings are shown for the single and binary mixture treatments. It will be 
noted that, based on the percentage of possible occurrence, 25% of the single 
compounds and 32% of the binary mixtures gave growth ratings of A or B. 
Including the ratings for moderate growth (rating C) which embraces those 
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TABLE VII 

Frequency of occurrence of growth ratings for various metallic radicles when 

USED AS SINGLE NAFHTHENATES (0.2% METAL ON FABRIC) OR IN BINARY MIXTURES 
OF NAPHTHENATES (0.1% OF EACH METAL ON FABRIC), AFTER BURIAL 
FOR FOUR WEEKS WITH PRELIMINARY LEACHING 


Metallic radicle 

A 

B 

C 

D 

E 

F 

l 1 

2* 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Cadmium 




■ 


1 

1 

2 

■ 

4 



Chromium 

— 

— 

— 


— 

— 

— 

— 


4 

1 

3 

Copper 

— 

— 

— 

iiiO 

— 

1 

1 

2 

£9 

3 

— 

— 

Iron 

— 

— 

— 

■ 

— 

— 

■HI 


v.fc'::9 

3 

1 

4 

Lead 

— 

— 

— 

H 

— 

— 


I 

m 

2 

1 

5 

Mercury 

— 

— 

— 

i 

— 

— 


VI 

i 

3 

— 

2 

Silver 

— 

— 

— 

— 

— 

3 

9 


— 

3 

1 

2 

Zinc 

— 

— 


— 

— 

1 


1 

i 

2 

m 

3 

Total occurrence 

0 

0 

0 

2 

o 

6 

2 

6 

2 

24 

B 

18 

% of possible 

0 

0 

0 

4 

o 

11 

25 

11 

25 

43 


32 

occurrence 











■fl 



1 Single compound. 

* Binary mixture of compounds. 


TABLE VIII 

Growth rating of 10 oz. cotton duck treated with metallic naphthenates, singly 
(0.2% metal on fabric) and in ternary mixtures (0.07% OF EACH metal on 

FABRIC) AFTER BURIAL FOR TWO WEEKS WITH PRELIMINARY LEACHING 


Metallic naphthenates in mixture with metallic naphthenate in left-hand column 
(total concentration on fabric ■■0.2% metal) 


Metallic 

naphthenate 

Cadmium plus 

Copper plus 

Lead plus 

Mercury 

plus 

Silver 

plus 

Zinc 

plus 

Cd 

Cu 

Pb 

Hg] 

Ag 

Zn 

Cu 

Pb 

Hg 

Ag 

Zn 

Pb 

Hg 

Ag 

Zn 

Hg 

Ag 

1 Zn 

Agl 

1 Zn 

Zn 

Cadmium 

D 

— 

— 

— 

— 


— 

C 

A 

C 

3 

— 

A 

C 

D 

— 

A 

B 


B 

— 

Copper 

- 

- 

C 

A 

C 

B 

C 

— 

— 

— 

— 

— 

B 

C 

D 

— 

B 

B 



— 

Lead 

- 

C 

— 

A 

c 

D 

— 

— 

B 

C 

D 

D 

B 

— 

— 

— 

C 

3 


H 

— 

Mercury 

- 

A 

A 

- 

A 

C 

- 

B 

- 

3 

A 

- 

1 

C 

B 

C 

- 

- 


3 

— 

Silver 

- 

C 

C 

A 

- 

C 

— 

C 

B 

— 

C 

- 

H 

— 

C 

— 

— 

3 


B 

— 

Zinc 

— 

B 

D 

C 

C 

— 

— 

D 

A 

C 

— 

— 

3 

c 

— 

— 

3 

fl 


B 

D 


samples that did not show significant loss of strength, the percentages are 38 
and 53 for the single compounds and the binary mixtures, respectively. 

Considering the various metals it will be noted that mercury gave the best 
over-all performance, showing no growth when mixed with cadmium or 
copper and only slight surface growth in admixture with the other metals. 
The order of decreasing efficiencies for the other metals in binary mixtures 
was: copper, cadmium, silver, zinc, lead, chromium, and iron. 

The data for the four week burial of the same samples (Table VI) show that 
in all cases the samples treated with the single compounds gave growth ratings 
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TABLE IX 


Frequency op occurrence of growth ratings for various metallic radicles when 

USED AS SINGLE NAPHTHENATES (0.2% METAL ON FABRIC) OR IN TERNARY MIXTURES 
OF NAPHTHENATES (0.07% OF EACH METAL ON FABRIC) AFTER BURIAL 
FOR TWO WEEKS WITH PRELIMINARY LEACHING 


Metallic radicle 

/ 

l 

B 

C 

D 

E 

F 

P 

31 

1 

3 

j 1 

3 

1 

3 

1 

3 

1 

3 

Cadmium 

- 

n 

_ 

1 

1 

5 

1 

1 

—— 


- . 

. 

Copper 

— 


— 


— 

4 

— 

1 

— 

— 

— 

— 

Lead 

— 


— 


1 

5 

— 

2 

— 

— 

— 

— 

Mercury 

— 

■Tv 

— 


1 

2 

— 

— 

— 

— 

— 

— 

Silver 

— 

1 

— 

2 

— 

7 

1 

— 

— 

— 

— 

— 

Zinc 

— 

1 

— 

3 

— 

4 

1 

2 

— 

— 

— 

— 

Total occurrence 

0 

12 

0 

15 

3 

27 

3 

6 

0 

0 

0 

0 

% of possible 
occurrence 

0 

20 

0 

25 

50 

45 

50 

10 

0 

0 

0 

■ 


1 Single compound. 

* Ternary mixture of compounds. 


TABLE X 

Growth rating of 10 oz. cotton duck treated with metallic naphthenates, singly 
(0.2% METAL on FABRIC), IN BINARY MIXTURES (0.1% OF EACH METAL ON FABRIC) 

AND TERNARY MIXTURES (0.07% OF EACH METAL ON FABRIC) AFTER BURIAL 
FOR FOUR WEEKS WITH PRELIMINARY LEACHING 


Metallic naphthenates in mixture with metallic naphthenate in left-hand column 
(total concentration on fabric - 0 2% metal) 


Metallic 

naphthenate 

Cadmium plus 

Copper plus 

Lead 

plus 

Mercury 

plus 

Silver 

plus 

Zinc 

plus 


Cd 

Cu 

Pb 

Hg 

Ag 

Zn 

Cu 

Pb 

Hg 

Ag 

Zn 

Pb 

Hg 

1*1 

Zn 

Hg 

Ag 

Zn 

Ag 

Zn 

Zn 

— 

E 

D 

E 

F 

E 

F 

D 

E 

D 

C 

E 

F 

F 


F 

F 

F 

F 

F 

F 

E 

Cadmium 

E 

— 

— 

— 

— 

— 

— 

E 

D 

E 

D 

— 

F 


E 

— 

B 

F 

— 

D 

— 

Copper 

- 

- 

E 

D 

E 

D 

D 

- 

- 

- 

- 

- 

F 

D 

F 

— 

C 

E 

— 

D 

— 

Lead 

- 

E 

— 

F 

E 

E 

- 

- 

F 

D 

F 

F 

- 

— 

- 

- 

F 

F 

— 

F 

— 

Mercury 

— 

D 

F 

- 

B 

F 

- 

F 

— 

C 

E 

- 

- 

F 

F 

F 

- 

- 

— 

F 

— 

Silver 

— 

E 

E 

B 

- 

D 

— 

D 

C 

— 

D 

— 

F 

- 

F 

— 

- 

F 

F 

- 

— 

Zinc 

— 

D 

E 

F 

D 

— 

— 

F 

E 

D 


— 

F 

F 

— 

— 

— 

— 

— 

— 

E 


of D or poorer, although it was noted that with the cadmium and with the 
copper treated samples the growth while heavy was not as intense as with the 
other compounds. The most effective treatment was the mercury-copper 
mixture, while mixtures of silver with copper and with cadmium or zinc were 
moderately effective. From the data for frequency of occurrence of the 
various ratings (Table VII), it will be noted that approximately 15% of the 
binary mixtures showed ratings of C or better, whereas none of the single 
compounds showed ratings better than D. 
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TABLE XI 

Frequency of occurrence of growth ratings for various metallic radicles when 
used as single naphthenates (0.2% metal on fabric), in binary mixtures 
(0.1% of each metal on fabric), and ternary mixtures (0.07% OF 
each metal on fabric) after burial for four 
weeks with preliminary leaching 




A 



B 



C 



D 



E 



F 



n 

2* 

3* 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 




















Cadmium 

_ 

_ 

_ 

_ 

_ 

1 

_ 

_ 

_ 

_ 

1 

3 

1 

2 

4 

— 

2 

2 

Copper 

— 

— 

— 

— 

— 

— 

— 

1 

1 

1 

3 

4 

— 

1 

3 

— 

— 

2 

Lead 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

1 

— 

1 

3 

1 

3 

6 

Mercury 

— 

— 

— 

— 

— 

1 

— 

— 

1 

— 

1 

1 

— 

— 

1 

1 

4 

6 

Silver 

— 

— 

— 

— 

— 

1 

— 

1 

1 

— 

— 

3 

— 

1 

2 

1 

3 

3 

Zinc 

— 

— 

*— 

— 

— 

— 

— 

— 

— 

— 

— 

3 

1 

1 

2 

— 

4 

5 

Total occurrence 

0 

0 

0 

0 

0 

3 

0 

2 

3 

1 

6 

15 

2 

6 

15 

3 

16 

24 

% of possible 

0 

0 

0 

0 

0 

5 

0 

7 

5 

17 

20 

25 

33 

20 

25 

50 

53 

40 

occurrence 




















1 Single compound. 

* Binary mixture of compounds. 

1 Ternary mixture of compounds. 


Owing to the relatively poor performance of the chromium and iron com¬ 
pounds in the above investigation they were omitted from the subsequent 
study dealing with ternary mixtures. In this study, control tests using fabric 
treated with single compounds subjected to a two week burial period, and 
also binary mixtures subjected to a four week burial period, were run simul¬ 
taneously to provide a basis of comparison with the first series. The data 
obtained with these controls suggest that the soil used in the second series 
was somewhat more active than that used in the first series. The data 
indicate that for a two week burial period (Tables VIII and IX), the ternary 
mixtures were considerably more effective than the single compounds. It 
will be noted that the percentage of possible occurrence of growth ratings of 
C or better was 90% for the ternary mixtures, compared with 50% for the 
single compounds. Ternary mixtures on fabrics that showed no growth were: 
mercury-cadmium-copper, mercury-cadmium-lead, mercury-cadmium-silver, 
and mercury-copper-zinc. Very slight growth was shown by fabric treated 
with copper-cadmium-zinc, mercury-copper-silver, mercury-lead-zinc, and 
mercury-silver-zinc. The data for the fabric containing ternary mixtures 
and subjected to a four week burial period (Tables X and XI) indicate that 
these mixtures were on the whole more effective than the binary mixtures, 
and these in turn were more effective than the single compounds. The only 
treatment showing a B rating was the mercury-cadmium-silver mixture. All 
other treatments gave ratings of C or less. 

The effectiveness of certain of the binary and ternary mixtures compared 
with the corresponding single compounds is illustrated in Figs. 1 to 9. 
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G. Colour of Treated Fabrics 

Since the colour imparted to fabrics by rotproofing treatments is of interest 
to the textile trade, the following data on the colours of the treated fabrics 
used in this investigation are given. For the single treatments in concentra¬ 
tion of 0.2% metal, the colours of the treated samples were as follows: copper— 
medium blue green; silver—rose purple; chromium—bluish grey; iron— 
cream; cadmium, lead, mercury, and zinc—colourless. 

All binary mixtures containing silver ranged in shade from light rose to 
mauve. Those containing copper were pale bluish green, with the exception 
of copper plus silver, which was mauve. All other mixtures were either light 
grey, cream, or colourless. 

Ternary mixtures were pale green in the presence of copper, all others being 
either very pale rose or colourless. 

It would be expected that in higher concentrations there would be a deepen¬ 
ing in the shade of the coloured samples. 

It is of interest to note that certain binary or ternary mixtures (e.g., 
cadmium-mercury, cadmium-mercury-lead, and cadmium-mercury-silver) 
provided treatments that were nearly colourless and that had rotproofing 
efficacies superior to that of copper naphthenate used singly. 
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PLATE I 

Figs. 1-5. Binary mixtures of naphthenates on 10 ox. cotton duck , leached 24 hr., buried 
for two and four weeks. 

Fig.1. Silver and zinc—(buried two weeks) 

Left —Silver (0.1%) + zinc (0.1%) 

Centre—Silver (0.2%) 

Right —Zinc (0.2%) 

Fig. 2. Silver and zinc—(buried four weeks) 

Left —Stiver (0.1%) + zinc (0.1%) 

Centre—Silver (0.2%) 

Right—Zinc (0.2%) 

Fig. 3. Copper and mercury—(buried four weeks) 

Left —Copper (0.1%) -f mercury (0.1%) 

Centre—Copper (0.2%) 

Right —Mercury (0.2%) 

Fig. 4. Copper and silver—(buried four weeks) 

Left —Copper (0.1%) + silver (0.1%) 

Centre—Copper (0.2%) 

Right—Silver (0.2%) 

Fig. 5. Cadmium and silver—(buried four weeks) 

Left —Cadmium (0.1%) + silver (0.1%) 

Centre—Cadmium (0.2%) 

Right —Silver (0.2%) 

PLATE II 

Figs. 6 and 7. Ternary mixtures of naphthenates on 10 oz. cotton duck, leached 24 ht . 
and buried two weeks. 

Fig. 6. Copper, cadmium , and zinc — 

From left to right 

Copper (0.07%) + cadmium (0.07%) + zinc (0 07%); 

Copper (0.2%); cadmium (0 2%); zinc (0.2%). 

Fig. 7. Mercury, lead , and zinc — 

From left to right 

Mercury (0 07%) + lead (0.07%) + zinc (0.07%); 

Mercury (0.2%); lead (0.2%); zinc (0.2%). 

PLATE III 

Figs. 8 and 9. Ternary mixtures of naphthenates on 10 oz. cotton duck, leached 24 hr. 
and buried two weeks. 

Fig. 8. Mercury , silver, and zinc — 

From left to right 

Mercury (0.07%) + silver (0 07%) + zinc (0.07%); 

Mercury (0.2%); stiver (0.2%); zinc (0.2%). 

FlG. 9. Cadmium, mercury , and silver — 

From left to right 

Cadmium (0.07%) + mercury (0.07%) + silver (0.07%); 

Cadmium (0.2%); mercury (0.2%); silver (0.2%). 
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AN APPARATUS FOR THE BUTT-WELDING OF FINE WIRES 1 

By L. D. Armstrong 2 and T. M. Dauphinee* 

Abstract 

A butt-welding apparatus employing a condenser discharge is described. This 
apparatus was developed for welding thermocouples of small dimensions but is 
suitable for most types of fine wires. The welding characteristics and possible 
applications are given in detail. 

During a recent investigation of the thermal Conductivity of metals it was 
necessary to weld a large number of fine wires of several different materials. 
For this purpose flame welding was inconvenient and the finished joints were 
not always satisfactory; in particular, the resultant joint was almost always 
considerably larger in diameter than the original wires, and for some applica¬ 
tions this was highly undesirable. In addition, flame welding could not be 
used with certain materials. In order to overcome these difficulties a method 
of butt-welding by means of an electrical discharge was developed, and it 
proved to be very satisfactory. 

Apparatus 

In order to obtain an apparatus in which the time of heating would be kept 
short and in which, thereby, the extent of the wire heated and the amount of 
oxidation would both be kept to a minimum, the energy for the welding was 
obtained from the discharge of a bank of condensers. This principle of a 
condenser discharge has been used in the spot welder of Copeland and 
Rothschild (1), and to some extent commercially. The successful operation 
of the apparatus as finally developed depends on a suitable adjustment of 
four variable quantities; viz., capacity, potential, resistance, and polarity. 

A photograph of the apparatus is shown in Fig. 1 and a schematic diagram 
of the electrical circuit in Fig. 3. The condensers (a) are connected through 
switches ( b ) in such a way that any capacity between 5 and 600 fx f. can be 
selected, and are charged to the desired potential by means of a 300 v. power 
supply (c) connected across a potentiometer (d). The discharge passes to the 
welding clips (e) through a push-button switch (/) and an adjustable series 
resistance (g), which serves to vary the time constant of the discharge. A 
reversing switch (A) changes the polarity on the clips. The wires to be 
welded are clamped in the spring jaws of the clips, one of which is fastened 
rigidly to the base of the apparatus, while the other is mounted in such a way 
that it can be moved in three mutually perpendicular directions, two of them in 
the focal plane of the viewing microscope (Fig. 2). By this arrangement the 
position of one wire relative to the other can be easily and accurately adjusted. 

1 Manuscript received November 7 t 1946 . 

Contribution from the Division of Physics and Electrical Engineering , National Research 
Laboratories , Ottawa , Canada . Issued as N.R.C . No. 1528 . 

1 Physicist . 



222 CANADIAN JOURNAL OF RESEARCH . VOL. 25 , SEC. F. 

Method 

The method of butt-welding the wires is, briefly, as follows. The wires, 
the ends of which have previously been cut off with a sharp edge, are placed 
in the clips and aligned in the field of the microscope. The circuit constants 
(capacity, potential, resistance, and polarity) having been set to the values 
required for the specific size and type of wires, the two wires are brought 
together, with the push-button switch closed. The resultant spark discharge 
melts the ends of the wires into two ball-like tips, the appearance and size of 
which depend on the circuit constants. After any necessary adjustments 
have been made, the tips are brought together again, when, depending on the 
material of the wires, either the weld takes place or the two balls stick together. 
If the latter occurs, the balls are pulled apart and the weld is completed on the 
next approach. Photographs showing successive stages of the welding process 
are shown in Fig. 4. 

The values of the circuit constants used are quite critical and have been 
experimentally determined for the particular wire combinations. Some 
representative values for different types of welds are given in Table I. The 


TABLE I 

Examples of circuit constants for typical welds 


Clip No. 1 

Clip No. 2 

Capacity, 

ml 

Potential, 

V. 

Resistance, 

ohms 

Polarity 

Description 

0.003 in. 

0.003 in. 

10 

225 

i 


Weld on third approach 

platinum 

platinum 






0.005 in. 

0.005 in. 

70 

140 

3 

— 

Same as above 

platinum 

platinum 






0.005 in. 

0.003 in. 

40 

120 

0 

No. 2 pos. 

First approach 

platinum 

platinum 

50 

120 

i 

No. 2 pos. 

Succeeding approaches 

No. 32 

No. 32 

120 

160 

l 

No. 1 pos. 

First approach 

copper 

copper 

120 

180 

l 

No. 2 pos. 

Succeeding approaches 

No. 36 

No. 36 

70 

100 

1 

— 

Usually welds on second 

chromel 

chromel 

70 

100 

l 


approach 

0.003 in. 

No. 36 

64 

90 

U 

No. 1 pos. 

First approach 

platinum 

copper 

80 

90 

H 

No. 1 pos. 

Succeeding approaches 

No. 36 

No. 36 

60 

140 

U 

No. 2 pos. 

First approach 

copper 

chromel 

60 

140 

i 

No. 2 pos. 

Second approach 


apparatus as designed at present is not suitable for welding wires larger than 
No. 28 B. & S. gauge. All the common wire materials have been welded 
successfully (alumel, chromel, constantan, copper, gold, manganin, nickel, and 
platinum) although difficulty has been encountered in welding tungsten. 



Plate I 
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Properties and Applications of the Welds 

Welds obtained by this method have several very desirable properties. 
The diameter of the welded portion is only slightly greater than that of the 
wires being welded and there are no sharp projections. This permits welded 
wires to be threaded through fine bore ceramic tubing and rubber vacuum 
seals. Despite their small size the welds have considerable mechanical 
strength and will withstand pulling and bending better than the original wires. 
Both the extent of the heated section and the duration of the heating are 
kept to a minimum, with great reduction of the amount of oxidation and 
annealing. 

One advantage of the method is the ease and consistency with which good 
welds can be made. The microscope and positioning clips make aligning of 
the wires both convenient and accurate, and in addition the microscope offers 
a quick check of the weld. No particular shaping of the ends of the wires is 
required. Moreover, wires dissimilar in composition and size can be welded 
with no additional difficulty. 

One of the most valuable features of the welds is the negligible thermoelectric 
effect in a join between two pieces of the same material. This is probably due 
to the small extent of the heated section and the minimized oxidation. 
Although temperature gradients of up to 80° C. per inch have been applied 
across the weld, no significant difference has ever been noted between the 
thermoelectric behaviour of the welded wires and unwelded wires subjected to 
the same conditions. Experiments have indicated that for 0.005 in. platinum 
or platinum - 10% rhodium, annealed before welding, the thermal effect in a 
weld with a 70° C. per inch gradient across it is not more than a few tenths of 
a microvolt, and is probably much less. Similar results have been obtained 
for transitions from 0.003 to 0.005 in. This neutrality of the welds makes it 
possible to reduce the resistance and increase the strength of lead wires by 
making transitions from one size to another even in regions of appreciable 
temperature gradient. 

Although this method of welding was originally developed to make fine 
thermocouple junctions, the excellent characteristics of the welded joints and 
the ease and consistency with which they can be made have led to many 
other applications. To date, the apparatus has been put to the following 
uses: 

1. Making thermocouple tips of very small dimensions. 

2. Making repair joints in thermocouple leads that can be threaded through 
fine bore tubing and rubber vacuum seals. 

3. Connecting lead wires in difficult locations by the use of portable 
extension leads and clips. 

4. Connecting heating or thermocouple wires to low resistance lead wires, 
either by changing materials or by varying the diameter. 

5. Repairing fine copper wire in coils without introducing discontinuities. 



Plate II 




1 k. 4 \ arwus stages of typical uelds A, B and C St iges in uelding 0 005 in platinum 
to 0 005 in platinum D h and F Stages m uelditig 0 005 in platinum to No 52 (B & S) 
copper (i Completed ueld betueen tuo No 32 (B & S) copper Hires II Completed ueld 
betueen 0 003 m platinum and 0 005 m platinum wires 
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6. Making three-way joints for potential leads. The making of other 
special types of joints should be possible. 

7. Making very smooth round tips for the stylus of a recorder using 
Teledeltus electrical recording paper. This was accomplished by using 
the first stage of the process with platinum wire. 

Conclusion 

The apparatus described offers a very useful method for welding wires of 
the smaller sizes, and with suitable modifications should prove applicable to 
wires of the larger sizes as well. The simplicity of construction and relative 
cheapness of the materials put it within the reach of any laboratory. 

Reference 

1. Copeland, P. and Rothschild, K. Rev. Sci. Instruments? 16 : 293. 1945. 
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PORTABLE GEIGER-MOLLER COUNTERS* 

By W. Hushley 2 and K. Feldman 2 

Abstract 

Throe models of portable Geiger-Muller counters which were found useful in 
the detection of radioactive minerals are described. The models are similar in 
that in each the high voltage for the Gc’ger-Muller counter tube ; s supplied by 
means of a multivibrator circuit and the pulse from the G-M tube is fed to a 
trigger circuit which actuates headphones. In one model a neon tube discharge 
circuit is used to give one headphone pulse for every 10 from the G-M tube and 
a counting rate meter is provided. Details of circuit design and application are 
given. The circuit of a simple amplifier that may be used with a G-M tube at 
the end of a long three-conductor cable is given. 

General Description 

Several models of portable Geiger-Miiller counters which are of light 
weight and low power consumption were developed to meet the need for 
detectors of radioactive minerals suitable for field use. Three of these are 
described here. Their circuits, which were suggested by those published 
previously by others (1, 2, 3), are given in detail. 

The three models A, B, and C, Figs. 1, 2, and 3, have a number of basic 
similarities. They all use self-quenching Geiger-Miiller counter tubes, 
operated at about 1000 v. This high voltage is supplied by the same type of 
circuit in each case. The pulses from the G-M tube actuate trigger circuits 
which in turn operate the headphone and rate meter circuits. 

The high voltage circuit referred to above is similar to one suggested by 
Huntoon (3). It consists essentially of a multivibrator with an inductive 
load in the plate circuit of one tube and a rectifier through which the pulses 
induced in the inductance charge a condenser. Negative high voltage is 
used, making it possible to have all the filaments near ground potential. 
Thus a single “A” battery may be used and the diode contained in the envelope 
of one of the multivibrator tubes may be used as a rectifier. The voltage to 
which the condenser becomes charged approaches the peak value of the pulses 
induced in the inductance. In each of the models described, the multivibrator 
has one voltage amplifier and one power amplifier type of tube with the 
inductance in the circuit of the latter. The power amplifier tube permits the 
use of low “B” battery voltages. Power requirements are reduced by using 
the screen grid rather than the plate of the power amplifier tube for multi¬ 
vibrator action. The frequency of the multivibrator is about 40 oscillations 
per sec. This oscillation is heard as a low hum in the headphones of Models 
A and B and is an indication that the high voltage section of the instrument is 
functioning. 

1 Manuscript received October 31, 1946. 

Contribution from the Division of Physics, National Research Laboratories, Ottawa. 
Canada. Issued as N.R.C . No. 1532. ' 

2 Physicist. 
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Because of the normal variations from rated values of commercial resistors 
and condensers, differences in the performance may be expected in individual 
instruments of the same model. This is of significance chiefly in the perform¬ 
ance of the high voltage circuit in which differences in the characteristics of 
the electron tubes also have considerable effect. It is often necessary to 
match the tubes with the remaining components of any instrument to obtain 
the desired range of high voltage. Differences in electronic tubes of the same 
type are discussed at greater length below. The 1S4 tube in Models A and C 
may be replaced by the 3Q4 or 3S4. 

The trigger circuit consists of tubes V3 and V4 with the necessary com¬ 
ponents. The latter tube is biased beyond cut-off and a negative pulse from 
the G-M tube produces a single oscillation of the trigger circuit. Equalized 
pulses are thus available to actuate the headphones and the counting rate 
meter. 

Model A 

This model, which has headphone detection only, was designed to serve as 
a prospector’s instrument. It may be used continuously for many hours and 
the batteries do not need to be replaced very frequently. The instrument 
weighs about 6 lb. 

A circuit diagram of Model A is given in Fig. 1. Tubes VI and V2, a 1S4 
and 1S5, respectively, and their associated components comprise the high 



Fig. 1 . Circuit of portable Geiger-Muller counter , Model A. Resistances are given in 
megohms , capacities in microfarads. 


voltage section. The values of the capacities and resistances to give the 
desired high voltage range .depend chiefly on the type of inductance L, on the 
particular tubes used and on the “B” battery voltage. The “B” voltage is 
supplied by a 67^ v. battery. The inductance used in Fig. 1 is provided by a 
150 henry filter choke (Hammond No. 150, chosen for its availability and 
moderate weight), although, in general, audio plate reactor inductances are 
more efficient than filter choke inductances. The choice of condensers was 
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determined by their physical size as well as their capacity. The grid and plate 
resistor values are not critical but it is desirable to choose that combination 
which is least sensitive to the individual characteristics of electronic tubes and 
which keeps the “B” battery current near the minimum. The high voltage 
may be adjusted by means of the variable resistor in the control grid circuit 
of V2 to give a normal range from 800 to 1300 volts. Since the G-M tubes 
used have an operating range of about 200 v. it is not difficult to adjust the 
high voltage to a suitable operating value. The high voltage decreases as the 
“B” voltage decreases but increases as the “A” voltage decreases. These 
changes may be as high as 20% for the usable battery ranges. By choosing 
“A” and “B" batteries of appropriate capacities these effects may be made to 
compensate each other to some extent, and the high voltage will be almost 
independent of the ageing of batteries due to use. 

The high impedance headphones may be operated from the screen grid or 
the plate of the tube V4, the pulse being louder when the phones are on the 
screen grid. While this instrument was designed for use where a rate meter 
was not considered to be advantageous, a simple rate meter (2) may be easily 
added by inserting a microammeter in parallel with an electrolytic capacitor 
in either the plate or the screen grid circuits of V4. The headphone may then 
be placed on the screen grid of V3 where the hum due to the high voltage 
ripple is louder but still not objectionable. 

The “B” battery drain, which depends chiefly on the design of the high 
voltage circuit, is about 0.75 ma. If one uses the batteries Eveready No. 742 
(1.5 v.) and No. 467 (67.5 v.) in the instrument six hours daily, the former 
lasts about 20 days and the latter about 40 days. Bias voltage is supplied 
with ‘Penlite’ cells. 

The G-M tube used has a cathode cross-section of 2 by 6 cm. and a normal 
background rate of about 40 pulses per min. It was found that this pulse 
rate is about optimum for aural detection. An increase in the counting rate 
of about 50% above background is readily detectable. 

Model B 

The circuit of Model B, shown in Fig. 2, is similar to that of Model A. 
Model B, however, was designed to meet the need of a very small and light¬ 
weight instrument that would be used only intermittently. 

The electronic tubes used are of the subminiatuie type, Raytheon 2E35 
and 2E41, the former being a power amplifier tube. The tubes VI and V2, 
Fig. 2, are used to develop the high voltage for the G-M tube and tubes V3 
and V4 are used in the trigger circuit. Two ‘Penlite’ cells and two hearing-aid 
type batteries are used as the “A” and “B” supplies, respectively. The 
inductance £ is a small 200 henry audio plate reactor (U. T. C. No. 0-13). 

No provision is made for the manual control of the high voltage. The 
voltage obtained in any unit may be adjusted by altering the screen grid 
resistance of VI or the control grid resistance of V2. With the constants 
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given in Fig. 2, voltages of about 1000 volts may be expected. As in Model A 
the high voltage is very sensitive to the “A” and “B” voltages, and not all 
tubes prove satisfactory in the high voltage section but the unsatisfactory 
ones usually may be used in the trigger circuit. Each of the tube types used 
in the model requires a filament current of 30 ma. while the total “B” battery 
drain is about 0 .7 ma. 



chassis making the unit completely self-contained. The small G-M tube 
used has a normal background count of about 10 pulses per min. Using two 
Tenlite* cells for the filament batteries and two Eveready No. 412 batteries for 
the “B” supply, the instrument may be built into a container 1 by 3 by 6 in. 
and will weigh approximately 1 lb. With intermittent use the batteries 
mentioned above will last several hours. 

Model C 

Model C was designed to serve as a more precise instrument for the measure¬ 
ment of 7 -ray intensities as, for example, in surveying radioactive areas, 
assaying in the field, etc. It includes a counting rate meter as well as head¬ 
phones. The circuit diagram is given in Fig. 3. For field work this instrument 
is normally used with three G-M tubes in parallel, each with a cathode 2 by 
15 cm. in cross-section. The high voltage section of this model is identical 
with that of Model A. The trigger circuit is also somewhat similar except 
that tube V3 is used to operate the headphone circuit while V4 operates the 
counting rate meter circuit. 

In the headphone circuit, the pulses from the trigger circuit cause the 
condenser in series with the neon tube V7 to charge through the diode of V3. 
When this charge becomes great enough the neon tube fires, discharging the 
condenser and giving a report in the phones. With the constants given, 





"1 
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about 10 pulses from the G~M tubes give one pulse in the phones at low count¬ 
ing rates. This 'scaling factor* may be altered by changing the capacity of 
the condenser in series with the neon tube, the “B” voltage applied to the 
neon tube, or the characteristics of the trigger circuit. At higher counting 
rates the scaling factor increases and when the counting rate approaches 
10,000 per min. the pulse rate of the neon tube reaches its limit. A scaling- 
down of the pulse rate is necessary when G-M tubes with large cross-sectional 
areas are used, since then a normal background count of several hundred 
pulses per minute may be expected and without scaling it down it would be 
.difficult to recognize significant changes aurally. The random fluctuations in 
the pulse rate are also averaged out to some extent and this makes aural 
detection easier. This feature is of value in searching for radioactive minerals, 
since it allows the operator to depend predominantly on the phones for an 
indication of the 7-ray intensity while giving him freedom to concentrate 
visually on other things. 

The counting rate meter has a long time constant so that reasonably steady 
readings are obtained even at the background counting rate. The meter 
reading is almost linear with pulse rate so that it may be used for quantitative 
comparisons. The rate meter consist? of a balanced bridge circuit using two 
pentodes (1). By rectifying the pulses from V4 through a diode, negative 
charge is collected on the R-C grid circuit of V5. This causes a change in 
the plate current which gives a reading on the meter connected between the 
plates of V5 and V6. A simple analysis of the two-tube balanced circuit is 
given below to show that its sensitivity to the grid voltage depends on the 
transconductance of the first tube and the ratio of the load resistances of the 
two tubes. The meter reading is set to zero with the selector switch in the 
Z-position by means of the variable resistor in the plate circuit of V5 and V6. 
With the selector switch in the positions labelled 2M, 10M, and 50M, full 
scale deflection is obtained on the meter for 2000, 10,000, and 50,000 pulses 
per min., respectively. The final adjustment for these ranges is made by 
means of the variable (padder) condensers in the coupling circuit. By means 
of the push button switch S-5, the 4 /xf. condenser may be discharged and the 
meter reading brought down rapidly to zero or any other desired value. 

Because the operation of the rate meter, trigger, and headphone circuits is 
sensitive to the “B” battery voltage, this voltage is maintained at 58 v. for these 
circuits by means of the variable resistor in series with the “B” battery. The 
adjustment is made with the selector switch in the 5-position and the voltage 
is read on the meter. The batteries used in this model are the same as those 
in Model A. The total “B,” drain is approximately 3 ma. 

For field work this model is fitted with the meter and the push button 
switch in a small meter-box at the end of a cable. A cable connector at the 
meter-box may be used as an On-Off switch. The meter-box is worn on a 
waistband while the main part of the instrument is carried in a canvas carrying 
case on the back of the operator. The complete unit weighs about 11 lb. 
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Analysis of Balanced Bridge Circuit 

The following analysis shows the relation between the meter current and 
the applied grid voltage in the rate meter circuit described above. Referring 
to Fig. 4, let Iu J 2 , /s, / 4 » Im be the current through 2?i, R 2l Tu T 2 , Rm , respec- 



Fig. 4. Schematic diagram of counting rate meter circuit used in Model C. 


tively, and let the added subscript 0 indicate the current when I m = 0. 
is defined by 


L _ ^1 _ ^20 ho 
* ~ R 2 ~ I 1Q ~ ho 


If k ‘ 

( 1 ) 


then application of Kirchoff’s laws shows that 

r / 4 - W« 

m k + 1 + ‘ 


( 2 ) 


In the rate meter circuit, R m is the meter resistance and if R 2 » then 
approximately 


I m = (7 4 ~ W 3 )/(ife + 1) . 


(3) 


If /»and I a are written J 3 0 + A / 3 and / 4 o + A / 4 then Equation (3) becomes 
I m = (Ah - k A I 3 )/(Jfe + 1) . (4) 

Let the two components Ti and T 2 be vacuum tubes and let the grid 
potential of 7\ be changed by A E c while T 2 is left unchanged. Then A / 4 = 0 
and A Iz = G m A E c where G m is the transconductance of T x and is assumed 
constant. Equation (4) then becomes 

Im = — G m A E c k/(k + 1) . (5) 

For a balanced circuit with equivalent components this simplifies to 

Im == \ G m A Ec • 

Thus the meter current I m is a linear function of the grid voltage E e and is 
independent of the absolute values of the load resistances. However, the 
latter should be high compared to the meter resistance to maintain sensitivity. 
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The linearity of the rate meter depends on the collecting circuit which deter¬ 
mines E e and on the transconductance of Ve remaining constant. 

If the tube T% is replaced by a resistance Ri then 

A I a = ImRz/iR* + Ri) , 

I m - - G» A Ec [ t _ Ri/{Ri + Ri) (k + 1} ] • (6) 

From Equation (6) it may be seen that the use of a divided resistance for 
half of the balanced circuit results in increased sensitivity. Replacing the 
vacuum tube by a resistance also reduces the filament current required, but 
it has the disadvantages that the zero-set of the meter is very sensitive to 
the “B” voltage, and the time lag in the filament emission when the instrument 
is turned on may cause a surge of current through the meter. 

Electronic Tubes for the High Voltage Circuit 

Tests were made on about two hundred 1S4 and 1S5 electronic tubes to 
determine their suitability for use in the high voltage circuits described in this 
paper. 

The 1S4 tubes were from two lots made by different manufacturers and were 
tested in a given circuit of the type described for Models A and C, with a 
given 1S5 tube. Under the fixed conditions 25% of one lpt and 35% of the 
other gave a maximum high voltage of less than 1000 v. while 60% of the first 
lot and 45% of the second gave above 1100 v. There seemed to be little 
correlation between the maximum high voltage and the range over which it 
could be varied by means of the high voltage control. 

The 1S5 tubes were from three lots made by different manufacturers. In 
this test the tubes were classified as good, fair, and poor, according to their 
general performance, such as maximum high voltage obtained and the rate 
of leakage of charge after the instrument is turned off. The results obtained 
are given in Table I. 

TABLE I 

Classification of 1S5 tubes in high voltage circuit 


Classification 

Lot 1 

Lot 2 

Lot 3 

Good, % 

10 

50 

85 

Fair, % 

15 

25 

10 v 

Poor, % 

75 

25 

5 


This table points out a serious disadvantage in using this type of high voltage 
supply in that satisfactory performance depends a great deal on the particular 
lot of electronic tubes being used. In one test the diodes of the 1S5 tubes 
were used independently of the pentodes. The test showed individual 
variations in high voltage of as much as 150 v. for diodes that showed no other 
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irregularities such as excessive leakage or breakdown. On the average, 
potentials in excess of 1500 v. are required to cause breakdown in the diodes. 
The performance of the 1S5 tubes in the circuit does not depend, however, on 
the diode alone. 

The results given are typical of other tube types such as 3A8GT, 1D8GT, 
and 2E41. When a group of satisfactory tubes are classified in order of merit 
as tested in a given high voltage unit, this order is not necessarily the same in 
another unit. However, poor tubes are usually not good in any high voltage 
unit though they may generally be used in the trigger sections of the instru¬ 
ments. 

Amplifier for Geiger-Miiller Counter Probe 

It is sometimes necessary to use a G-M counter tube in a probe at the end 
of a long cable. The capacity of the cable reduces the amplitude of the voltage 
pulse from the G-M tube and it is necessary to use an amplifier in the probe 
end of the instrument. Fig. 5 shows a circuit that may be used with a three- 
conductor cable. The probe contains only the G-M tube, an electronic tube, 



Fig. 5. Circuit of an amplifier for a Geiger-Muller counter probe . 

and two resistors. The current drawn from the high voltage supply is about 
1 jua. Such an amplifier has been used at the end of 1000 ft. of three-conductor 
'cab-tire 1 cable in a portable counter designed for surveying diamond-drill 
holes. 

Effect of Temperature on Portable Counters 

Low temperature will affect the operation of the counters described here 
by condensing the organic vapour in the self-quenching G-M tubes and by 
reducing the efficiency of the batteries. The first effect can be eliminated by 
using an organic compound such as ether, which does not condense at the 
temperatures at which counters are normally used. The reduced efficiency of 
the “A” battery causes an increase in the high voltage which is compensated by 
the effect of the lower “B” battery voltage. The net result is usually some 
increase in the G-M tube voltage. If the change in temperature is accom¬ 
panied by the condensation of moisture in the instrument the high voltage 
will be reduced considerably. Most of the instruments made here were not 
used in areas of high relative humidity and effects of humidity were not 
considered in their design. 
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A LABORATORY SHAKER 1 

By W. Harold White 2 


Abstract 

A laboratory shaker is described that employs an eccentricless drive. The 
machine has sufficient flexibility in design to permit variable temperature and 
speed control. It has a capacity of two dozen 500-ml. flasks. 

Introduction 

Several years ago, a survey of existing laboratory shaking apparatus showed 
that an efficient machine of large capacity, suitable for certain types of food 
analysis, was commercially unobtainable. Special requirements, notably 
sufficient flexibility in design to permit variable temperature and speed 
control, prompted the designing of a machine embodying temperature main¬ 
tenance at approximately 100° C., speed variation by means of cone pulleys, 
capacity for two dozen 500-ml. flasks, and a drive that does not depend upon 
eccentric motion. The present article has been prepared in response to 
requests for details of construction. 

Details of Construction 

The apparatus shown in Fig. 1 did not make use of the usual eccentric 
drive, since it was found that eccentric motion produced too abrupt a move¬ 
ment, particularly at high speeds. This obstacle was overcome by using the 
Eureka-Buhler ‘eccentricless ’ drive,* consisting of two counterweighted steel 
wheels enclosed in drums, shown at B in Fig. 1, supported by a base-plate, L, 
and geared to rotate in opposite directions. The counterweights were so 
arranged that when they were in the vertical plane the centrifugal forces exerted 
by their rotation were equal and opposite, whereas when they were in the 
horizontal plane the forces were additive and produced a shaking motion. 

Length of body travel is dependent upon the speed used and the weighting 
of the steel wheels at the factory; a travel of % in. at the lowest speed was 
found to be most suitable for normal needs. As the speed of the shaker 
depends upon the speed of rotation of the steel wheels, variation may be 
obtained by changing the ratios on the cone pulleys at C and K, side view at D . 
Power was supplied by a 1/6 h-p. electric motor, C. 

The apparatus may be mounted upon castors for mobility, as shown, or 
permanently established on wooden blocks. 

1 Manuscript received December 6 , 1946. 

Contribution from the Division of Applied Biology, National Research Laboratories, 
Ottawa . Issued as Paper No. 191 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1527. 

* Formerly Biochemist , Food Investigations; at present , Research Chemist. Imperial Oil 
Co. Ltd., Sarnia, Out. 

* Obtained from S. Howes Co., Inc., Silver Creek, N.Y. 
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The supporting framework was constructed from 1§ in. angle iron in the 
following dimensions: length, 3 ft.; width, 1 ft. 6 in.; height, 2 ft. 4 in. 

The body of the shaker was constructed of 1-in. lumber, to form an open- 
top box 3 ft. 3 in. by 1 ft. 4 in. by 10$ in., outside dimensions. A copper 
steam chest, 1 in. in height and containing copper steam coils, was fitted into 
the bottom of the box, covered with a J in. layer of felt to avoid damaging 
glassware, and overlaid with 1J in. insulation board, with holes of proper 
diameter to hold flasks of the desired size. These details are indicated in the 
cut-away section, I, in which the top layer represents the insulation board. 



Fig. 1. Side and end views of a laboratory shaking apparatus. 


A 7/16 in. plywood board cover, fitted with $ in. felt insulation, is shown in 
section at H, resting on section I. This cover, with holes through which the 
flask-necks protrude, holds the flasks firmly in place. 

The body of the shaker was mounted on four sets of bearings, two sets 
being shown in the end view in Fig. 1. This indicates a $ in. flat brass bearing 
at the top of the supporting arm; at the bottom of the arm is a i in. rod, 
connected as an axle to the corresponding opposite arm. 

Steam was introduced at G, representing the copper tubing inl^t, passed 
through a shock-absorbing coil, F, which absorbed the motion produced when 
the shaker was in use, and thence to the metal steam chest. Returning steam 
was passed through a steam-trap, E, and any condensed water drained off 
through the outlet, J. 

Thermostatic control may be installed for temperatures below 100° C., by 
circulating water from a temperature controlled reservoir in place of steam. 
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A LARGE CYLINDER AND TAPER COMPARATOR 
FOR GAUGE MEASUREMENT 1 

By R. H. Field 2 

Abstract 

The measurement of the diameters of cylinders and cones is an important 
feature in gauge manufacture and inspection. High accuracy is essential in 
this work, as the objects measured may be employed as limit gauges for use in 
the inspection of other precision gauges to which direct means of measurement 
cannot be applied. A comparator for accommodating cylinders or cones with 
maximum diameters of 12 in. and lengths up to 48 in. was designed and con¬ 
structed during Great War II at the National Research Laboratories, Ottawa, 
and used throughout the war. In preparing the design special consideration 
was given to ease of construction and no ultra precision grinding or difficult fits 
were involved. 


Introduction 

It is the usual practice to measure the diameters of cylinders or cones, in 
the metrological laboratory, with the object standing vertically (the small 
diameter downward in the case of cones) while micrometer measurements are 
made across the outside of two small horizontal cylinders contacting the 
object and resting on the tops of vertical end-bars (1, page 89). While this 
operation can be carried out with the aid of a hand-held micrometer caliper, 
considerable skill is necessary on the part of the operator, who, moreover, 
has to work under uncomfortable conditions. Even then, a precision of 
measurement better than 0.001 in. is difficult to attain. To make the 
operation easier to perform and to increase the precision to conform to modern 
requirements in engineering practice, a range of comparators was designed by 
the National Physical Laboratory, England, to be used exclusively for measur¬ 
ing the diameters of cylindrical and conical objects. These instruments 
permitted readings to be estimated to 0.00001 in. or 0.00002 in. The N.P.L. 
kindly supplied working drawings of these instruments to the National 
Research Council, and two of the smaller (bench type) comparators were 
constructed to these drawings, with slight modifications. For the large size 
the N.P.L. scheme entails somewhat difficult shop work during construction, 
and it was felt that an alternative design would not only make possible 
improvements in the operation, but would present fewer difficulties in the 
shop. Therefore, when war needs became urgent, the comparator here 
described was designed by the author, and constructed in the Instrument and 
Model Shop of the National Research Laboratories. 

1 Manuscript received November 20, 1946. 

Contribution from the Division of Physics and Electrical Engineering , National Research 
Laboratories, Ottawa , Canada. Issued as N.R.C. No. 1533. 

1 Metrologist , Head of Metrology Section. 
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Description 

An illustration of the complete instrument is reproduced in Fig. 1. The 
over-all height is 72 in., the maximum diameter which can be accommo¬ 
dated is 12 in. and the anvils can be set at any height in the range of 1.5 in. 
to 48 in. above the top of the base. In use the comparator is supported on a 
heavily built stool 18 in. high, so that the lower ends of the objects being 
measured are accessible. 

Fig. 2 shows the lower portion of the comparator and some details not 
visible in Fig. 1, while Fig. 3 illustrates the micrometer carriage and its support, 
which can be set and used over a range of heights. In the view the parts in 
question are shown dismounted from the comparator and from one another. 

Base 

The complete assembly is carried by a cast-iron base-plate having a boss 
at the rear bored to receive the turned lower end of the column supporting 
the measuring unit, and three flat bosses fitted with the usual vee, cone, 
and plane shoes (of hardened steel) for locating the foot-screws of the adjust¬ 
able table for supporting the object. Two other bosses are fitted with ‘safety 9 
pegs in case the table should be accidentally tipped. 

The table is a heavily ribbed iron casting, planed at the top. It was 
intended in the original design to fit a hard steel plate, checkered and lapped 
on its upper face and held to the iron table by clamps located in vee grooves 
in the edges of the plate. This plate was not made, and the lapped loose 
steel plate, seen in Figs. 1 and 2, was found quite satisfactory. The bronze 
foot-screws, tapped into inserted nuts beneath the table, permit the upper 
reference surface of the steel plate to be accurately levelled for measuring 
operations, without making any exacting demands on the machinist at the 
time of construction. 

Column 

The column forming a support and guide for the diameter-measuring unit is 
made from a piece of square bright steel, 1.75 in. diam. with the corners planed 
to give tracks 0.5 in. wide for the rollers on the vertical sleeve described below. 

Sleeve 

The measuring unit is carried by the sleeve seen best in Figs. 2 and 3. This 
sleeve comprises a hollow casting, with planed lugs for two horizontal cold- 
rolled steel rails, having their sides ground, and it has two crown castings 
located by spigots and attathed by screws at its upper and lower ends. Each 
crown piece serves to hold four ball bearings, 30 mm. O.D., which contact the 
tracks formed on the corners of the column. The axles for the bearings are 
eccentric, permitting close fitting and adjustment of the sleeve without 
difficulty. By this means the sleeve is allowed to traverse up and down the 
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column quite easily, with no tendency to bind, but is yet free from ‘shake'. 
Furthermore the eccentric axles permit the supporting rails of the micrometer, 
carriage to be made truly horizontal. 

A lug on the upper crown casting has a bronze nut inserted, and this engages 
the vertical setting screw seen in Fig. 2. The sliding casting on which the 
screw is located in a journal is a free fit on the column, with a brass shoe 
bearing against one of its sides when the clamping screw is tightened. Thus 
the micrometer anvils can be set and held at any desired height above the 
base. A cable is fastened to the sleeve, and, passing over a pulley on a bracket 
at the top of the column, is attached to a counterweight in the vertical tube 
seen to the rear of the column in Fig. 1. A light finger touch on the setting 
screw is sufficient to raise or lower the whole assembly. 

To protect the bearings and rails from dirt, a light metal cover having a 
hinged door at the front, is located on the two posts seen threaded into the 
upper rail in Figs. 2 and 3. 

Micrometer Carriage 

The micrometer head and the indicator are mounted on a carriage having 
a free horizontal movement of about 1 in. To provide this movement without 
undue friction, which would falsify the indicator settings, or looseness in fit, 
which would impair accuracy, the carriage is carried and located by means of 
ball bearings on the two rails attached to the sleeve. The bearings are 
mounted on two built-up brackets connected together by a bar at the top, 
and at the bottom by a slide. This slide, which was part of a discarded 
instrument used for other purposes, forms a horizontal bed for the brackets 
carrying the micrometer and the indicator. 

Two of the ball bearings carry the weight of the movable carriage, and 
engage with the upper surface of the lower rail. Two others with vertical 
axes bear against the front face of the rail, to take the reaction from the 
weight moment of the overhung carriage. Finally, a pair of bearings with 
vertical axes at the top of each built-up bracket engages with the vertical 
sides of the upper rail, leaving a sole degree of freedom for the carriage in the 
direction of the micrometer-screw axis. As in the case of the sleeve, the ball 
bearings are all mounted eccentrically to permit easy adjustment and the 
elimination of lost motion. 

The free movement of the carriage is limited by rubber buffers fitted into 
housings screwed to the ends of the upper rail on the sleeve. 

Micrometer System 

The micrometer and indicator are each inserted in holes formed in ribbed 
offset brackets, with split lugs for clamping. These holes were lapped in line 
at the same time while the brackets were mounted on the bed. As can be 
seen in Fig. 3, the tee slot in the bed permits the brackets to be clamped 
rigidly at any desired spacing, for actual measuring purposes. 








Plate III 



Fi<» } Left The movable carriage dismounted to reveal more details 1 he ball bearings permit 
the carriage to be located ilosely on its tno supporting rails and yet to move freely in the axial 
direction of the micrometer serew. 

Right 1 he support for the rails holding the carnage 1 his support travels freely up 
and doun the mam vertical guide of the comparator , being located by tuo sets of four ball bearings , 
mounted on eccentric arbors to permit easy adjustment and lining up. 
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For the micrometer a selected and tested commercial micrometer head 
having a range of 1 in. was fitted with a duralumin drum of 2.5 in. diam. 
graduated to read directly to 0.0001 in., while a N.P.L. type of indicator, 
needing a pressure of 0.5 lb. to bring the hand opposite the fiducial mark, 
was used. 

Reference 

* 

1. Rolt, F. H. Gauges and fine measurements. Vol. 2. Macmillan & Co., Ltd., London. 
1929. 
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AN IMPROVED INTERFEROMETER FOR DETERMINING 
PARALLELISM ERRORS IN LONG END-GAUGES 1 

By L. Graham Turnbull 2 


Abstract 

This paper describes an interferometer designed for the determination of the 
parallelism of the working faces of end-gauges up to 24 in. in length. An instru¬ 
ment for this purpose, but which required somewhat highly specialized technique 
in the course of its construction, had been previously designed by the National 
Physical Laboratory. Using optical principles the same as those of the British 
instrument, another of an entirely new mechanical design has been constructed 
by the National Research Laboratories, Ottawa. This new interferometer 
incorporates kinematic principles and a number of interesting features to permit 
easy adjustment and operat ion to the very fine limits necessary. By the addition 
of a sensitive level vial to this instrument, the difference in length of nominally 
equal end-gauges can be determined to an accuracy of 1 or 2 X 10“ 6 in. 


Introduction 


In establishing the length of an end-gauge, complete knowledge of the 
interparallelism of the gauging faces is of the greatest importance where high 
precision is required. This is especially true when several gauges are to be 
wrung together, in which case the derived length of the combination is not the 
sum of the lengths of the individual gauges, unless the parallelism errors be 
taken into consideration. 

Previous to the outbreak of World War II, the parallelism errors of end- 
gauges of 3 in. or less in length were determined (absolutely) in the Metrology 
Section of the National Research Laboratories, Ottawa, by rather laborious 
interferometric methods; longer gauges were measured by making a large 
number of comparisons with nominally equal combinations of shorter gauges 
of known parallelism. 

In the National Physical Laboratory, there already existed an instrument 
known as a Flatness Tester (1), which could be used in the measurement of 
long end-gauges. In 1940, as the war progressed, the number of gauges of 
the Johansson type submitted to the National Research Laboratories, Ottawa, 
rapidly increased, and it was soon realized that (especially in the case of the 
longer end-gauges) an instrument that could do the same work as the N.P.L. 
instrument would have to be devised in order to attain more precision and 
speed in the measurement. The interferometer described in this paper was 
therefore designed by members of the scientific staff of the N.R.L. to meet 
this contingency. The basic principle of this apparatus essentially follows 
that of the N.P.L. flatness tester, but several novel features have been incor¬ 
porated, and an entirely different mechanical design has been adopted. 


1 Manuscript received October 10, 1946. 

Contribution from the Division of Physics and Electrical 
Laboratories, Ottawa , Canada. Issued as N.R.C. No. 1534. 

1 Metrologist. 


Engineering, National Research 
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Principle 

The theory of the interference of light is given in elementary textbooks on 
physics and optics. It is sufficient to state that when a partially reflecting, 
ope* •'ally flat surface (e.g., of quartz or glass) is placed above a second optically 
flat reflecting surface so as to be nearly parallel to, and almost touching it, 
interference fringes may be formed. When viewed through the upper plate, 
these may be seen as a series of parallel, equispaced bands apparently located 
on the lower surface. 

In the parallelism interferometer these interference effects are utilized in 
the measurement of parallelism errors. Here, an optically flat quartz disk is 
arranged above the upper optically flat gauging face of an end-gauge in the 
manner just described. A parallel beam of monochromatic light, passing 
through a semitransparent mirror which is inclined to the path of the beam, 
falls normally on to the gauge. If the eye be correctly placed with respect to 
the mirror so as to receive the reflected rays from the end-gauge, interference 
fringes may be seen against the background of the gauging face. If then, the 
gauge be rotated with respect to the flat, through 180° in the plane of its lower 
gauging face, the spacing of the fringes will alter, unless the working faces of 
the gauge be co-parallel. The difference in fringe spacing is a measure of the 
change in the acute angle contained by the plane of the optical flat and the 
plane of the upper surface of the gauge, and is, hence, a measure of the 
parallelism error between the gauging faces themselves. 

Fig. 1 is a schematic diagram of the optical system of the actual inter¬ 
ferometer. In this figure, 1 represents the light source, a mercury arc, 
rendered reasonably monochromatic by means of a suitable filter, 2. A lens, 
3, is used to obtain a sensibly parallel beam of light Parts 1, 2, and 3 are 
constiucted as a unit, placed outside a small glass window in one of the walls 
of the temperature-controlled room, in which the parallelism interfeiometer is 
located This separation was made in order to minimize any heating effect 
that the arc might have on the interferometer, and to exclude from the room 
the objectionable odours that emanate when the arc is in operation. An 
adjustable plane mirror, 4, situated vertically above the interferometer, 
directs the beam of light on to a lens, 5. This lens brings the rays to a focus 
on a small circular aperture, 6 (approximately 1 mm. in diameter), located 
centrally in a thin brass diaphragm, 7, which is adjustable with respect to 
the lens, 5. The last two components constitute a unit that can be adjusted 
in such a manner that the aperture can be placed at the focus of ^a lens, 8, 
which again collimates the beam of light. Interposed between the aperture 
and lens is a semisilvered plane glass mirror, 9 (which is adjustable), making 
an angle of approximately 45° to the optical axis. From 8, the rays pass 
through a quartz disk, 10, the lower face (known as the ‘proof-plane’) of which 
is optically flat to about 0 000001 in. Interference fringes are formed between 
this face and the upper surface of an end-gauge wrung on the working surface 
of another quartz ‘flat’, 11, finished to the same degree of flatness as the first. 
The quartz ‘flat’, 11, in the case of the Canadian instrument, is set in the 
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upper end of a vertical cylindrical barrel, described in more detail below, 
which can be made to rotate in such a manner that the working face of 11 
will turn in its own plane or in planes parallel to it. The interference pattern 
may be viewed through a peep hole, 12, which receives the pattern from the 
semireflecting face of the glass mirror, 9. A mount, 13, fabricated mainly 
of brass sheet, contains most of the elements 5 to 12, inclusive. 



Fig. 1. Schematic drawing of the optical system of the parallelism interferometer. 

Distinctive Features of the British and Canadian Interferometers 

In the British interferometer the turntable is of steel in the form of a disk, 
with its working faces lapped very flat and accurately parallel. The lower 
face rests on another equally flat surface formed on the bed of the instrument, 
so that the upper working face (to which the end-gauge can be wrung) can 
rotate in its own plane, with very little error. The turntable is constructed 
of a special high-carbon chrome steel, and is heat treated by the steel maker 
before lapping. Special technique (i.c., spot grinding) is required to obtain 
the high degree of precision in flatness and parallelism. The turntable in the 
Canadian interferometer, on the other hand, requires for its fabrication only 
such facilities as are available in an ordinary machine shop. 

As has been stated above, the turntable of the N.R.L. interferometer con¬ 
sists of a vertical barrel, in the upper end of which is set a quartz base-plate. 
The working face of this plate can be made accurately perpendicular to the 
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axis of rotation of the turntable by easy adjustments. In addition, by means 
of a mirror placed suitably beneath it, the degree of wringing of an end-gauge 
to the working face can be readily observed and controlled—a feature that has 
been found to speed up considerably the time involved in the measurements. 

Furthermore, in the Canadian instrument the interferometer mount is 
movable on rollers and is counterweighted so that it can be quickly set into' 
any desired position on a long vertical rod. Moreover, the proof-plane 10 
is carried on a platform integral with the interferometer mount. 

In the N.P.L. interferometer, the adjustment of fringe spacing and con¬ 
figuration is obtained by tilting the mount which carries the proof-plane, 
while in the N.R.L. apparatus, coarse adjustment is obtained by tilting the 
proof-plane itself, and fine adjustment by altering the inclination of the 
supporting rod. 

Design of the N.R.L. Parallelism Interferometer 

The design of the instrument will be considered in two parts: (I) that 
concerning the optical system, the principle of which has been described 
above in some detail, and (II) that which deals with the means for obtaining 
the condition that the working face of 11 will rotate in its own plane or in 
planes parallel to it. 

(I) Optical System 

Fig. 2 is a photograph of the parallelism interferometer, the over-all 
dimension from top to bottom of which is approximately 6 ft. Seen at the 
top of the photograph, is the mirror 4, adjustable on a brass rod which is 
screwed to a baseboard, attached to the wall. Vertically below the mirror 
is the mount 13. 

This mount, a close-up view of which is shown in Fig. 3, is capable of travel 
up and down, and to a limited extent, around, the vertical brass tubular rod 
(seen at the immediate left of the mount) which is suspended by means of 
gimbals at its upper end. In the lower or free end of the vertical tube is 
inserted a steel plug, which is held by spring closure against two mutually 
perpendicular tangent .screws in a horizontal plane. By means of these 
screws, final (fine) adjustment of the interference fringe spacing and con¬ 
figuration may be accomplished by the slight change in inclination imparted 
to the whole mount, and therefore to the proof-plane. The location of the 
screws is shown in Fig. 2. 

A counterweight, encased in a vertical sheet-metal cylinder, at the extreme 
left of Fig. 2, is attached to one end of a phosphor-bronze wire which passes 
over two pulleys; the othej end of the wire is fastened to the mount. By 
this means, the latter can be moved readily up and down and set into con¬ 
venient positions on the supporting tube, no clamp being necessary. 

Referring to Fig. 3, the upper end of the mount maintains closed contact 
with the supporting rod by means of three cylindrical rollers, equally spaced 
about the rod axis. The remaining constraints are obtained by means of a 
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pair of conical rollers at the lower end, which are held in contact with the 
vertical rod by gravity. Each roller, or pair of rollers is fitted on an ec^entfic 
axle to permit ready adjustment. Thus, free movement without backlash is 
achieved, and the effect of inequalities arising from wear, lack of straightness, 
etc., in the tube is eliminated. 

The unit containing the elements 5 and 7 (i.e., condensing lens and 
diaphragm) can be seen at the top of the photograph. It is a brass tube, the 
lower end of which is threaded, for the purpose of adjustment, into the top 
plate of the mount. Behind the eye-diaphragm (near the centre of the 
photograph) can be seen the knurled heads of four screws used in adjusting 
and clamping the mirror 9. 

Directly below the screws, at the bottom of the mount, can also be seen 
the edge of the cell containing the collimating lens 8. Beneath this again is 
a brass ring, in which the quartz flat 10 is supported. For the purpose of 
coarse adjustment (of the proof-plane with respect to the upper face of the 
end-gauge) this ring may be tilted by means of the arrangement shown. 
Here, three oversize holes in the ring receive, respectively, three brass studs 
which are threaded into the lower base-plate of the mount. The free, or 
lower, ends of the studs are also threaded for about 1 in. of their length, and 
on each, a nut is screwed to the limit of its run. Enclosing the threaded 
portion of the free end of each stud is a helical spring, one end of which is held 
against the nut, while the other end butts against the ring. Another nut, 
with which the actual adjustment is made, forces the ring against the spring. 

A metal stop in the form of a ring, which can be clamped at any desired 
position on the vertical rod, is provided to prevent overrunning of the mount. 
Also provided is a series of thin Masonite covers, one of which is shown around 
the end-gauge in Fig. 2. These not only serve to insulate the gauge from 
convection currents and radiation, but also to protect it from accidents. 

(II) Turntable 

Fig. 4 is a cross-sectional drawing of the turntable of the N.R L. parallelism 
interferometer. In this figure, 14 is a massive cast-iron bracket which 
supports the entire lower assembly and which is rigidly bolted to the concrete 
wall. Into the base of this casting is fitted vertically, a truncated conical 
steel spindle, IS, about 24 in in length. The latter has a long fit in the base 
of the bracket, and is pulled firmly against a shoulder by means of a nut. 
At the upper and lower ends, respectively, of the vertical spindle, and fitted 
concentrically to it, are cylindrical bushings, 16 and 17, each with its outer 
face hardened, ground, and lapped. Concentric with 16 and 17, and with 
their mating faces lapped to fit them, is a corresponding pair of bushings, 18 
and 19. These latter are fitted into a cylindrical steel pipe, 20, in the upper 
end of which is attached a steel plate, 21, about ^ in. thick. This plate serves 
as a housing for a tempered steel stalk, 22, concentric with it and which is 
held against a shoulder by means of a hollow screw, 23. The lower face of 
this stalk, which is about 1? in. long, is hardened, ground, and lapped flat 
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Plate I 


t‘K.. 2. Photograph of the interferometer showing a 20 in. end-gauge in position for 
measurement. Below the gauge and to the left of it are the level vial and attachments used 
when the instrument is to be employed as a level comparator. 

F 1 w. 3. Close-up view of the mount with a short end-gauge in position. I'he reflection of 
the wrung surface of the gauge can be seen in the inclined mirror beneath it. 
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and perpendicular to its geometric axis. This face which is approximately 
3/16 in. in diameter, rests on a hard steel ball, 24, peened into a hole in an 
auxiliary steel end-piece which is screwed coaxially on to the central spindle, 
15. The upper end of the stalk is centrally located in a cast-iron plate, 25. 
In the upper face of 25 are symmetrically fitted three steel pins, 26, on which 


23 27 26 29 // 25 26 22 



Fig 4 Cross-sectional drawing of the turntable 


rests the quartz flat, 11. The flat is held in position against these pins by means 
of plaster of Paris, which fiHs the space between the cylindrical surface of the 
quartz flat and a cast-iron annulus, 27, attached by means of screws to 25. 
Leading into the space beneath the flat is a short brass tube, 28, to permit the 
use of an air pump for the removal of moisture. In this space is fixed a 
circular mirror, 29 (seen immediately below the quartz flat in Figs. 3 and 9), 
which is approximately 2 in. in diameter, and which has its plane inclined 
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about 5° to the plane of the working face of the optical flat, in order to avoid 
undesirable reflections. By means of this mirror, the interference pattern 
formed during the process of wringing can be examined, and the completeness 
of the wringing controlled, depending, of course, on the surface finish of the 
gauge. The plate 25 also serves as a support for a cylindrical steel pipe, 30, 
into the upper end of which it is fitted and located by means of screws. This 
pipe, approximately coaxial with the central spindle 15, is about 22 in. long 
and 4 in. outside diameter. 

The purpose of the outer pipe, in conjunction with a system of four 
diametrically opposing levers, 31, is to provide the necessary means for the 
adjustment of the working face of the quartz base-plane into perpendicularity 
with the mechanical axis of 15. The levers 31 are of cold rolled steel about 
7 in. long, and are located on studs, 32, tapped into 30. The studs themselves 
are threaded to receive nuts, 33, with capstan heads. The nuts are spherically 
seated into mating steel washers, 34. Contact between the levers and the 
inner pipe 20 is maintained by four pointed struts, 35, which pass through 
oversize holes in the outer pipe, and are seated in conical depressions in the 
levers and inner pipe, respectively. The vertical distance between the struts 
and the lower screws 32, is about .} in. Hence for coarse adjustment, the 
lower nuts impart an approximate one-to-one motion to the lower end of the 
outer pipe, while the stalk 22 is strained from its original position. For fine 
adjustment, the upper nuts impart only about 1/12 of their axial movement 
to the lower end of the outer pipe. 

When the instrument has been put into proper adjustment, the upper or 
working face of the quartz flat remains accurately perpendicular to the 
mechanical axis of the supporting spindle, as observed from the configuration 
of the interference pattern when the outer assembly is rotated. Although no 
particular care was taken to locate the steel ball 24 concentric with the axis 
of rotation of the stalk (and hence of the outer assembly), the rise and fall of 
the working face of the quartz flat is not greater than 2 X 10~ 5 in. about a 
mean plane, or a shift of two interference bands, for a complete turn of the 
outer pipe. This, of course, does not impair the accuracy of the instrument, 
as the measured parallelism is in no way affected. 

Interpretation of Interference Patterns 

A simple case, involving an end-gauge in which the short edges of the 
rectangular gauging faces are parallel to each other, will be considered. 

(I) Short Edge of the Upper Face of the End-gauge Initially Parallel to the 
Proof-plane 

Fig. 5 {a) is a schematic diagram showing an end-gauge wrung on to the 
working surface of the quartz flat 11. Above the gauge is shown the inclined 
optical flat 10. XV represents the long edge of the gauge’s upper face, which 
is considered to be flat. In the position indicated, 10 has been so adjusted 
that the line of intersection of the plane of its lower surface (proof-plane) and 
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the plane of the upper face of the end-gauge is parallel to the adjacent short 
edge of the gauge. When viewed through the eyepiece of the instrument, in 
monochromatic light (in this case, mercury green), the resulting interference 
pattern would appear as a series of equispaced parallel bands with the order 
of interference increasing from left to right, Fig. 5 (6). The direction of 
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(6) fc) 

Fig. 5 (a) Diagram showing a slightly wedge-shaped end-gauge with the short edge of 

the gauging face initially parallel to the proof-plane (b) The interference fringe system 
associated with the gauge m this position, (c) The fringe system associated with the gauge 
after rotation through 180°. 

the order is easily determined by moving the appropriate tangent screw at 
the bottom of the supporting rod. It should be pointed out that the semi- 
reflecting mirror 9 turns the image upside down, but does not reverse it from 
left to right. 

From the theory, the angle PXY contained by the two planes concerned, is: 

Wi X/2 D radian (1) 

where n\ is the number of interference bands (in this case 11.0) observed 
along the long dimension, Z), of the working face of the end-gauge, and X is 
the wave-length of the incident beam of monochromatic light (5460 X 10“ 7 
mm. approximately, for mercury green light). 

If now, the lower assembly on to which the end-gauge is wrung be rotated 
through 180°, the long edge will take up the position of the dotted line X'Y\ 
with the resulting interference pattern appearing as in Fig. 5 ( c ). In the 
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same manner as above, the angle of inclination PY'X 9 of the two planes 
concerned is: „ 2 \/2 D radian (2) 


where #2 is the observed number (in this case, 5.4) of interference bands. 

If, after this rotation, the order of interference increase from left to right, 
the angle contained by the planes of the upper and lower working faces of the 
end-gauge is given by half the difference of the two above expressions, i.e., by: 

(wi — n 2 ) A/4Z) radian. (3) 


Hence the side MX of the gauge is longer than the side iVFby 3.0 X 10 6 in. 

If, on the other hand, the order of interference after rotation, reverse, i.e., 
increase from right to left, the upper face of the end-gauge must have rotated 
in a vertical plane, through an angle greater than PXY . In this case, the 
contained angle between the upper and lower gauging faces would be given 
by half the sum of the two expressions, i.e., by: 


(tti+ « 2 ) A/4Z> radian 


(4) 


and the side MX would be longer than the side NY by 8.8 X 10“ 5 in. When, 
the quantity («i± n 2 ) is small, as it generally is, the accuracy of the test is 
not impaired if A/2 be taken as 0.00001 in. 

Figs. 6 (a) and 6 ( b ) illustrate the first condition described. They are 
actual photographs taken with the camera placed outside the peep hole of 
the instrument. In Fig. 6 (a), approximately 25 interference bands can be 
counted, while in Fig. 6 ( b ) there arc about 22. Considering the order of 
interference to be increasing from left to right in both cases, Equation (3) 
applies, and it follows that as viewed in Fig. 6 (a), the left-hand side of the 
gauge is longer than the right by 

(25 — 22) A/4 = 1.5 X 10' 5 in. (approximately). 

The transverse line, shown in the photographs, is a reference line ruled in ink 
on the working face of the upper quartz flat. 

(II) Upper Face of the End-Gauge Initially Parallel to the Proof-plane 

The same result (again supposing that the gauge is out of parallel along the 
long dimension alone) as described in the first part of (I) may be obtained by 
operating the tangent screws at the bottom of the vertical rod to make the 
proof-plane initially parallel to the upper face of the end-gauge, as shown in 
Fig. 7 (a), and then, in the same manner as before, rotating the gauge through 
180°. When the long edge, X F, is parallel to the proof-plane, no fringes will 
be observed on the face of the gauge (if the face be perfectly flat) when viewed 
in the instrument. When this edge is in the second position Z'F', the result¬ 
ing interference pattern would appear as in Fig. 7 ( b) y in which 5.6 bands are 
shown, with the order of interference increasing from left to right. From the 
argument in (I), it follows that the side MX is longer than the side NY by 
5.6X/4 or nearly 3.0 X 10“ 6 in. 
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Owing to the fact that the working face of an end-gauge is never perfectly 
flat, the condition in which no interference bands appear can never actually 
be realized. Consequently, since the flat may be tilted slightly about a mean 
plane, and still apparently fulfil the condition of parallelism, the second method 
is not considered to be as sensitive as the first. 



Fig 7 (a) Diagram showing a wedge-shaped end gauge with ih upper gauging face initially 
parallel to the proof plane (b) The interference fringe system associated with the gauge , 
after rotation through 180 0 

(III) Long Edge of the Upper Face of the End-gauge Initially Parallel to the 
Proof-plane 

A third case, in which the same results as in (I) and (II) above are found, 
may be obtained with another arrangement, indicated in Fig. 8. Fig. 8 (a) 
shows two elevation diagrams of the end-gauge with the proof-plane so inclined 
that it is parallel to the long edge but not to the short edge of the upper face 
of the gauge. The resulting interference fringe system would appear as in 
Fig. 8 ( b ), with the bands parallel to the long edge and with the order of 
interference increasing from left to right as shown by the arrow. 

It can be seen that after rotation, the proof-plane will no longer be parallel 
to either edge of the gauge's upper surface; the interference system would 
then appear as in Fig. 8 (c). Here, inversion of the image by the semi- 
reflecting mirror is not considered. The direction of the increasing order of 
interference is shown by the arrows, and the number of bands intersecting 
the long edge is 5 6, while the number along the short edge is still the same 
as in Fig. 8 (ft), since the angle contained by the proof-plane and this edge is 
unaltered. Hence, as before, the side MX is longer than the side NY by 
3.0 X 10~ 6 in. 
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In general, the planes containing the two gauging faces of an end-gauge 
intersect in a line that is inclined to both edges of the faces. Therefore, the 
usual practice in determining the parallelism error is to follow the procedure 
outlined in (III), in which the long edge of the upper face is first made parallel 
to the proof-plane. The direction of the increasing order of interference is 
then noted, and the turntable rotated. The resulting interference bands will 
be skewed, more or less as in Fig. 8 ( c ), but not necessarily at the original 
angle or with the original spacing. 



Fig. 8. (a ) Diagram showing the end-gauge with the long edge of the gauging face initially 
parallel to the proof-plane, (h) The interference fringe system associated with the gauge in 
this position, (c) The fringe system associated with the gauge after rotation. 


The interpretation now involves a combination of (I) in order to determine 
the parallelism error across the face (the same reasoning applies for either 
edge parallel to the proof-plane) and (III) to ascertain the error along the 
length of the face. In the case of the short dimension, i.e., parallelism error 
across the width, the number of bands intersecting the short edge and the 
direction of increasing order of interference are noted, and the parallelism 
error computed as in (1). In the case of the long dimension, the number of 
bands intersecting the long edge, and the direction of increasing order (taking 
into account the inversion of the direction of the order due to the mirror) are 
noted, and the error calculated as in (111). 

’ Applications 

The parallelism interferometer is not only useful as an instrument for 
assessing the parallelism error of end-gauges, particularly long ones, but it 
also has other uses. With it, the departure from flatness of an optically flat 
surface can be determined, and to a great extent the quality of the surface 
finish. It has also been employed as a vertical comparator in two ways: 

(1) As an interferometer comparator, i.e., by the examination of the 
interference pattern formed in white and/or monochromatic light, between 
the proof-plane and the upper working surfaces of two adjacent end-gauges 
wrung to the quartz base plane. 

(2) Asa level comparator. This is described in some detail in the Appendix. 

It is interesting to record that the parallelism interferometer was an indirect 

means of determining the absolute length of a 4 in. end-gauge of the Johansson 
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type in a rather unique way. The gauge in question had been sent to the 
Metrology Section for the precise measurement of its length and for the 
assessment of parallelism and flatness errors. Photographs of the Haidinger 
fringes, obtained when the gauge was wrung to semi-aluminiumized quartz 
plates to form a Fabry and Perot 6 talon, were taken with krypton and 
cadmium as the light sources. First, an exposure was made by means of a 
Hilger spectrograph, with the 6talon in such a position that the centre of the 
interference ring system was to one side of the gauge, about | in. from its 
axis; then the 6talon was moved parallel to itself until the ring centre was at 
the same distance on the other side of the gauge. The optical distance 
between the plates, in each position, was found by first measuring the diameters 
of the rings for each wave-length to determine the fractional order of inter¬ 
ference, and then employing the ‘method of coincidences'. The mean of the 
two lengths obtained, corrected for phase changes at reflection, gave the 
average mechanical length of the gauge plus two wringing film thicknesses, 
while the difference of the lengths was a measure of the parallelism error 
across the short face dimension. 

The spectrograph plates yielded usable ring diameters in three adjacent 
colours, red to green, but because these wave-lengths were so close together 
the residuals of two distinct interference orders fitted each length equally 
well. This gave, in all, four possible independent lengths and consequently 
'four parallelism errors. 

The parallelism error of the end-gauge was thereupon measured by means of 
the parallelism interferometer. The value obtained gave the clue as to which 
two lengths should be utilized in the actual length determination. Subsequent 
independent checks of the length of the gauge revealed that the value indicated 
by the parallelism interferometer was the proper one. 

APPENDIX 

A Precision Level Comparator 

A sensitive level vial is an excellent means for determining small differences 
in the lengths of end-gauges. Thus, if a level vial be substituted for the 
mount on the vertical supporting rod of the parallelism interferometer, the 
instrument may be used as a level comparator. 

Description 

A close-up view of the instrument is shown in the photograph, Fig. 9, while 
in Fig. 2, the level vial, s\Vung out of its working position, is seen near the 
lower end of the tubular rod. 

In the level comparator, the level vial is supported in an unstrained position 
in a cylindrical brass fitting, which is cut away, as shown in Fig. 9, for the 
purpose of viewing the bubble and graduations. Soldered to the bottom of 
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the fitting is a rectangular brass block, into the lower face of which are peened 
two 0.125 in. hard steel balls, i inch apart and in line with the axis of the vial. 
The block is relieved by horizontal saw-cuts, and for adjustment purposes 
two fine-pitched screws are provided for straining the lower face in such a 
manner that the line of centres of the two balls can be made closely horizontal, 
when the bubble is in its central position. On to the top and at the centre 
of the upper surface of the fitting is soldered a smaller rectangular block, into 
which is inserted a hard steel pin. This pin is located between two parallel 
longitudinal hard steel knife-edges, acting as stops to limit the ‘rolling* 
tendency of the level vial. The stops are fitted on to a brass block, carried 
on a movable arm of cold rolled steel. A saddle of thin brass sheet, which is 
also attached to the block, serves as a support for the level vial assembly; a 
portion of the saddle is cut away in order to receive the underneath block in 
which the balls arc fitted. The movable arm is pivoted about a pin located 
in the side of a steel slider, which can be clamped at any desired height or 
position on the supporting rod of the parallelism interferometer. A screw, 
visible only in Fig. 2, butting against the top of the arm, serves to raise or 
lower the level assembly off or on the upper faces of the gauges being compared. 

With the instrument are provided two precise level vials (made by Pessler, 
Germany) with attendant fittings and accessories. One of these vials has a 
sensitivity of 5 sec. of arc per division, while the other has a sensitivity of 
15 sec. With the former it is possible to detect height differences to a precision" 
of 0.000001 in. over a range of 0 0001 in., and with the latter, to about 
0.000003 in. over a range of slightly more than 0.0002 in. 

Operation 

The method of operation is simple. The two end-gauges to be compared 
are wrung side by side, about 1/16 in. apart, on the quartz base-plate of the 
interferometer, and allowed to come to the same temperature. The slider is 
then clamped at a suitable position on the vertical rod, and the vial slowly 
lowered by means of the screw until the two balls rest on the respective faces 
of the gauges, and the cylindrical fitting is free of the saddle. Just before 
contact, the turntable should be rotated into such a position that the line of 
centres of the balls is approximately parallel to the short edges of the gauges. 
After allowing the vial to rest on the gauges for a time, both ends of the bubble 
are read. The balls are then lifted clear, the turntable rotated through 180°, 
and a second observation made. The bubble movement in conjunction with 
the calibration factor yields the difference in height of the two gauges. 
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(a) (b) 

1 ic, 6 Untomhed photographs of interfereme fringes formed in the interferometer 
(a) and (h ) correspond to (h) and (< ), respectively of big 5 The heat effect, noticeable m 
the fringes and due to the non selectivity of the filters does not impair the practual accuracy of 
the measurement 1 he heavy line across the centre of the gauge is a reference line ruled on 
the loner surface of the proof flat. 



Kic, 9 Close up vteiL of the level vuil and attachments used to conicrt the parallelism 
interferometer into a level comparator l he mirror for determining th" decree of the wringing 
of the gauges to the base plane can be seen belon a pair of 3 in end gauges being compared 
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HIGH BULK-DENSITY 1 
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Abstract 

Commercial nitroguanidine will not form pourable slurries in greater than 
5 to 10% concentration because of unfavourable crystal shape. Controlled 
crystallization from water-methanol improves this crystal shape so that slurries 
containing equal parts of solid and vehicle can be poured. 

Nitroguanidine is an explosive of power and detonation rate approximating 
that of T.N.T., while its extreme insensitiveness to impact and its higher 
true density (1.77) offer certain advantages over the commoner military 
explosive. Unfortunately these advantages have not heretofore been fully 
realizable. The production of nitroguanidine involves a final water crystal¬ 
lization from which the compound appears as finely felted needles of bulk- 
density less than 0.3. 

The fineness and crystal shape of such nitroguanidine seriously limits the 
usefulness of this explosive. Firstly the low weight per unit volume presents 
a shipping and storing problem. Even when the explosive is packaged under 
pressure, the contents weighs less than one-third that of a comparable box 
of T.N.T. Secondly, although the rate of detonation of nitroguanidine is 
greater than that of T.N.T. at density 1.0 (5360 vs. 4870 m. persec.), such 
highly compressed nitroguanidine is not easy to produce, whereas ordinary 
T.N.T. can be packed by hand to this density. The brisance, or shattering 
effect, of an explosive is dependent on its rate of detonation, which is, in turn, 
directly proportional to its packed density. In practical use, therefore, the 
hand-packed nitroguanidine at a density of about 0.3 has a rate of detonation 
not greater than 3000 m. per sec. This low rate not only limits its usefulness 
as a brisant high explosive but also tends toward incomplete detonation (with 
this type of explosive) unless the confinement is extreme. 

A third disadvantage of the ordinary nitroguanidine arises because of the 
crystal shape. The interlocking tendency of the fine needles precludes the 
use of the explosive in a slurry which might be used for pouring into shell, 
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bombs, or other containers, unless the percentage in the slurry does not 
exceed an ineffective 5 to 10% of nitroguanidine. 

We have found that the shape and size of the nitroguanidine crystal can be 
altered by crystallization from non-aqueous media to make it satisfactory in 
pourable slurries containing as much as 50% of the solid in liquid T.N.T. 
Thus, material of bulk-density 0.80 to 0.87 can be obtained by Soxhlet- 
extraction with hot solvent. Figs. 1, 2, and 3 are photomicrographic records 
of nitroguanidine crystallized from acetone, ethanol, and methanol, respec¬ 
tively. The crystals all had a refractive index of 1.526, identical with that of 
commercial nitroguanidine, and were mounted and photographed in a medium 
of refractive index 1.694 by Dr. W. C. McCrone of Cornell University. 
These 20-fold magnifications may be compared with the 100-fold magnification 
of a commercial nitroguanidine shown in Fig. 4 to show why the massive 
forms obtained from the non-aqueous solvents are more easily handled in 
bulk or in slurries than the felted needles produced from water. The extreme 
insolubility of nitroguanidine in these non-aqueous solvents does, however, 
make the extraction process so slow that it could have no practical importance. 
For the same reason a method involving alternate heating and cooling of a 
circulating slurry in these solvents was likewise unsuccessful. 

What appears on the other hand to be a completely workable method of 
producing massive crystals involves the introduction of a hot saturated 
aqueous solution of nitroguanidine into methanol. Material with bulk- 
density as high as 0.96 has been produced in this manner in 90% yield per 
pass. The remainder of the nitroguanidine is not lost, since the methanol 
can be stripped from the mother liquor in a suitable still, to leave a hot aqueous 
residue which has been used for solution of a subsequent charge of crude 
nitroguanidine. One may expect that the quality of product will not be 
lowered by repeated re-use of the mother liquor, since evaporation of a portion 
to dryness gave a quantitative recovery of good nitroguanidine (m.p. 236° to 
240° C.). 

The superiority of this method over that of crystallization from water alone 
evidently depends on slow deposition over an appreciable temperature range 
from a dilute solution. These conditions are difficult to attain in water alone. 
Although nitroguanidine is much more soluble in water at the boiling point 
(1 part/ll parts water) than at 20° C. (1 part/375 parts of water) the greater 
part of this differential exists in the relatively narrow temperature range of 
90° to 100° C. Indeed the rapidity with which crystallization of a saturated 
solution occurs in the range 96° to 100° C. caused us to decrease our initial 
concentration in boiling water to 1 part of nitroguanidine per 13 parts of 
water in order to prevent pipe-stoppage under conditions where the tempera¬ 
ture of the conduit might drop several degrees. 

The ideal medium for crystal growth is a water-methanol mixture varying 
from 1.2 to 1:1 parts by volume at a temperature close to the boiling point 
of pure methanol. This can be attained by rapid addition of the hot aqueous 
solution to pure methanol, initially at room temperature. A more gradual 
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Fig. 4. Commercial nitroguanidine. X 100. 
Fig. 5. Expt. 5 product on 60 mesh. X 110 . 
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addition of the hot aqueous solution to the methanol gave a product having 
4/5 the bulk-density of that obtained when the aqueous solution was added 
all at once. Since this result was not altered when the methanol was initially 
at 50° C. it would appear that temperature was less significant than the water- 
methanol ratio. Slow addition does of course impose a water-methanol ratio 
much higher than 1:2 at the beginning. 

The experiments recorded in Table I were carried out by dissolving 600 gm. 
of nitroguanidine in 8000 cc. water in a paddle-stirred steam-jacketed stainless- 
steel vessel. This solution at 100° C. was run as rapidly as possible (four to 
six minutes) through a steam-jacketed delivery pipe into 16,000 cc. of methanol 

TABLE I 

Variables in nitroguanidine crystallization 


To 16,000 cc. methanol were added one or more lots of 600 gm. 
nitroguanidine in 8000 cc. water 


Expt. 

No. 

Time 
for 
soln. 
of NG. 
min. 

Orig. 

temp. 

in 

kettle. 

°C. 

Temp. 

after 

mixing, 

°C. 

Time 

air 

cooling, 

min. 

Temp. 

after 

air 

cooling, 

°C. 

Time 

water 

cooling, 

min. 

Temp. 

cooling 

water, 

°C. 

Fil¬ 

trate 

temp., 

°C. 

Bulk- 

density, 

loose 

Bulk- 

density, 

packed 

% 

Ppted. 

Quality 

Ratio 

MeOII 


HjO 

1 

5 

25 

64 

210 

34 

25 

7 

10 

0.59 

0.71 

86 

G 

2 

2 

5 

20 

63 

55 

50 

35 

7 

10 

0.63 

0.83 

87 

F 

2 

3 

5 

27 

66 

60 

50 

35 

7 

121 






3d 

5 

12 

45 

110 

38 

80 

7 

10 

0.42 

gm 

95 

P 

1 

4 

7 

20 

63 

65 

47 

i 

1 








4a 

20 

50 

50 

200 

36 

90 

7 

10 

0 50 

0.63 

88 

F 

1 

5 

10 

24 

63 

17 

57 









5a 

10 

57 

69 

120 

48 

165 

7 

9 

0.77 

0.96 

88 

E 

1 

6 

6 

26 

65 











6a 

10 j 

60 

71 











6b 

10 

66 

72 

165 

49 

120 

7 

10 

0 64 

0.80 

92 

G 

0.66 

7 

10 

24 

62 

15 

58 









7a 

10 

58 

70 

1260 

24 


— 


0.60 


84 

G 

1* 

8 

10 

24 

64 

300 

32 

150 

7 

10 

0.56 

1 

0.72 

83 

G 

2* 

9 

10 

33 

65 

30 

61 









9a 

10 

61 

71 

0 

— 

30 

40 













30 

25 













30 

15 













30 

7 

10 

0.53 

EO 

91 

F 

1 

10 

10 

25 

63 

19 

57 









10a 

10 

57 

68 

10 

62 

15 

38 

49t 












120 

15 

13i 












60 

7 

10 

0.55 

0.70 

91 

F 

1 


1 These are not filtration temperatures , but are the temperatures reached at the end of the cooling 
period and just before the second addition . 

* Recovered 99% methanol was used in these experiments . 
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at 25° C. in a polished stainless-steel cylindrical kettle 13.5 in. in diameter by 
22 in. high. The methanol was stirred by a i h.p. ‘Lightnin* stirrer equipped 
with two 3 in.-diameter three-bladed propellers turning at 1725 r.p.m. The 
resulting solution was then cooled with stirring to 9° to 12° C. according to 
the time schedules indicated in Table I. 

The steam-jacketed kettle used for solution of nitroguanidine in water had 
a capacity of less than 2 gal., while a 12 gal. kettle was used for the crystalliza¬ 
tion operation. Since heat transfer from this latter kettle depended on cooling 
of the walls it was necessary to use sufficient methanol to give a 1:2 water- 
methanol solution after addition of the aqueous nitroguanidine solution was 
finished. 

In order to obtain a final 1:1 water-methanol solution, the stirred slurry 
of crystallized nitroguanidine in the cooled 1:2 water-methanol solution was 
therefore treated with a second 600 gm. lot of nitroguanidine in 8000 cc. of 
water at 100° C. The cooling operation was then repeated as before. The 
quality of the crystals obtained by such duplication of the process was as 
good as that obtained when the final water-methanol ratio was 1:2. 

These subsequent additions of hot aqueous nitroguanidine solution are 
shown in Table I by the letter a. In one case (Expt. 6b) a third aqueous 
nitroguanidine solution was added to the slurry. The initial and final tem¬ 
peratures of the slurry at the time that these additions were made are also 
shown in Table I. 

The cooling operation was carried out in two steps. The first step was 
relatively slow and was accomplished simply, with our apparatus, as a 
spontaneous loss of heat to the air. This air-cooling was supplemented by a 
more rapid second step of water-cooling. This was effected by a water apron 
which surrounded the kettle. We found it was better to use warm water 
rather than cold for this operation; the use of cold water tended to cause 
surface crystallization on the walls of the stainless-steel kettle. This increased 
the proportion of fine nitroguanidine in the product. 

The effect of variations in water-methanol ratio and in cooling schedule is 
showm in Table I by the correspondence in bulk-density (b.d.). The product 
was evaluated according to its loose bulk-density (weight per unit volume when 
poured into a 100 ml. graduated cylinder) and packed bulk-density (weight 
per unit volume after this same cylinder had bet?n dropped 50 times from a 
height of 2.5 in. on to a leather pad). 

A further classification of product is shown in Table I as Excellent, Good, 
Fair, and Poor. This classification is a composite one derived from two 
observations, which were found in most cases to correlate closely with one 
another. The first of these was crystal size and shape as determined by 
microscopic examination. Uniformity is desirable. Thus the material 
illustrated in Fig. 3 contains less aggregates than that shown in Fig. 2. The 
material shown in Fig. 3 is rated as excellent, while that shown in Fig. 2 is 
good, and that shown in Fig. 1 would be considered fair. 
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The ordinary water-crystallized nitroguanidine shown in Fig. 4 does not < 
fit this microscopic classification in so far as its usefulness as an explosive is 
concerned. Thus it appears quite uniform under the microscope and it would 
on this basis deserve the classification ‘excellent*. However, the microscopic 
examination does not show the actual occurrence as interlocking felted needles, 
because these are teased out on the microscope slide. This tendency toward 
‘felting* makes the material difficult to handle in bulk and it therefore deserves 
the classification ‘poor*. 

In order to supplement the microscopic examination, a pourability test was 
devised for inclusion in the classification, ‘excellent* to ‘poor*, shown in 
Table I. Although pourability of nitroguanidine slurries in molten T.N.T. 
was of interest to us, we chose nitrobenzene instead, because it could be 
poured at a convenient temperature of 20° C. This test involved, firstly, the 
amount of nitrobenzene required to fill the voids (that is, to form a ‘mush’) 
and, secondly, the amount required in order that the resulting slurry would 
just pour from an inverted graduated cylinder after vigorous shaking. 

Some classifications according to this test are shown in Table II as the 
number of cc. of nitrobenzene required in order that a slurry containing 2 gm. 
of nitroguanidine can be poured from a graduate. This evaluation conforms 
closely with that found by microscopic examination except in the instance, 
already mentioned, where interlocking of needles can occur. The dual 
evaluation has therefore been applied to the material obtained from the 10 
experiments outlined in Table I. 

TABLE II 

Pourability of nitroguanidine slurries 


Typo of sample 

: 

Bulk- 

density, 

packed 

2 gm. nitroguanidine 
4- cc. nitrobenzene 

Qualitative 

To form 
mush 

To form 
fluid 

classification 

Commercial nitroguanidine 

0.25 

4.2 

>9 

Very poor 

Crystallization quickly from MeOH 

0.37 

3.4 

4.3 

Poor 

Crystallization quickly from MeOH 

0.42 

2.3 

3.0 

Fair 

Very slow crystallization, water-MeOH, 

1 : 1 

0.71 

1 .8 

2.5 

Good 

Moderate crystallization, water-MeOH, 

1 : 2 

0.83 

1.5 ' 

2.1 

Excellent 


The results in Table I show that the rate of crystallization is significant. 
There seems to be an optimum in the time of cooling, especially in the first 
step and this optimum must be close to that used in Expt. 5. This is brought 
out more clearly by Table III, where the screen analyses show that coarse 
material contributes adversely to high bulk-density. The contrast can be 
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made between Expt. 5 and any of Expts. 3, 7, 9, and 10. The effect of large 
size nitroguanidine crystals can also be demonstrated within Expt. 5 since 
the material through a 60 mesh screen gives a packed bulk-density of 1.0, 
while that retained on 60 mesh has a bulk-density of 0.67. When the latter, 
coarse fraction is rescreened, that retained on 60 mesh has a bulk-density of 
0.85 while the material passing through 60 mesh has a bulk-density of 0.98. 
The effect of rescreening indicates that comminution is occurring during the 
operation, and this is confirmed by microscopic examination. Thus many of 
the coarse crystals in the material from Expt. 5 which are retained on 60 mesh 
show an apparent twinning such as is seen at the top in Fig. 5. That part 
passing through 60 mesh (Fig. 6) seems to be free from this type of twin. 

The coarse screen fractions obtained from the experiments other than 
numbers 3 and 5 as shown in Table III also show clumped crystals such as is 
seen in Fig. 2. If such material is lightly ground under water, then its bulk- 
density and pourability are almost as good as those found for the material 
produced in Expt. 5. The difference is probably owing to the rounded ends 
of the ideal crystals shown in Fig. 6. 

On the other hand, the material produced according to Expt. 3, Table I, is 
not materially improved by grinding. This is understandable after inspection 
of Fig. 7, a photomicrograph of the product. Such material is much better 
than commercial nitroguanidine with respect to bulk packing or pourability 
of slurries, but a T.N.T. slurry containing more than 30% of this material 
cannot be poured satisfactorily into high explosive shell. On the other hand, 
T.N.T. slurries containing 50% of the nitroguanidine produced according to 
Expt. 5 must be stirred during pouring to avoid segregation by settling of the 
solid phase. 

In summary, a correlation of Tables I and II shows that a long cooling time 
for the methanol-water solution is undesirable, since it tends toward the 
formation of large crystal aggregates, which must be broken up by a subsequent 
operation. On the other hand the cooling may be too rapid, and this will 
lead to mixtures of crystal shapes obtained in Expt. 3. It is believed that a 
definite cooling schedule will have to be worked out anew for each installation, 
and Table I can only give a general idea of what this schedule would he. It 
would be advisable, therefore, to provide, in a large installation, a polished 
closed kettle with variable speed stirring and with provision for jacketed 
water-cooling over the range 65° to 10° C. 
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PRECISION OF LABORATORY MEASUREMENTS OF BREAKING 
STRENGTH OF TEXTILES 1 

By J. W. Hopkins 2 and Muriel W. Weatherburn 8 
Abstract 

Warp breaking strength was measured in five test strips from each of a series 
of duplicate pieces of cotton duck in rot proofing experiments. Breaks occurring 
at the jaws of the machine, which amounted to some 16% of the total, gave 
results about 3.5% lower and 20% more variable than non-jaw breaks. Dis¬ 
crepancies in non-jaw breaks of similarly treated fabric arose partly from 
variance in test strips from the same piece and partly from additional variance 
betw'een duplicate pieces. Weathering tended to reduce intra-piece, and soil 
burial to increase both intra- and inter-piece variability. The tests as con¬ 
ducted were capable of discriminating differences of the order of 15 to 20%. 
Greater gains in precision would have resulted from increasing the number of 
replicate pieces than from increasing the number of strips tested per piece in the 
same ratio. However, determination of the most economical test procedure for 
specified precision in each type of material also required consideration of the 
cost factor, w'hich was nearly three times as great per piece as per strip. 


Introduction 

When the breaking strength of a fabric is estimated in accordance with the 
recommendations of the American Society for Testing Materials by measuring 
the breaking strength of 10 or more individual test strips, it is found that 
owing to variations in the performance of the testing machine, in the technique 
of the operator, or in the cloth itself, such measurements exhibit more or less 
fluctuation. Statistical examination of the results may consequently be 
necessary to ascertain whether the average obtained for any particular fabric 
differs significantly from a prescribed standard or from the averages for other 
fabrics. If all the averages to be compared are subject to variability of about 
the same extent, simple and powerful tests of significance are available in the 
procedure due to R. A. Fisher (1,5) widely known under the name of ‘analysis 
of variance’. If, however, the variance of measurements on different fabrics 
is unequal, tests of significance must take cognizance of this fact, if incorrect 
conclusions are to be avoided (3). 

A recent paper by Fdelman (4) has shown that the variance of a lengthy 
series of such measurements may be far from constant. However, whereas 
this author was mainly concerned with the, acceptance testing of a large 
quantity of similar material by different operators, experimenters are more 
likely to have to deal with measurements made by a single operator, but 
relating to fabric whose characteristics have been subjected to modification. 
It is accordingly desired to describe here some statistical features of such 
measurements made in these laboratories. 

1 Manuscript received March 18 , 1047. 

Contribution from the Division of Applied Biology and Division of Chemistry , National 
Research Laboratories , Ottawa. Paper No. 1 of the Special Committee on Applied Mathematical 
Statistics and N.R.C. No. 1569. 

* Biometrician. 

7 Chemist. 
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Data 

Data consisted of measurements of the warp breaking strength after 
exposure to leaching and soil burial by standard methods (2) and to outdoor 
weathering for four months at the National Research Laboratories, Ottawa, 
of unbleached cotton army duck (weight 10 oz. per sq. yd., thread count 46 
three-ply warpwise and 37 two-ply weftwise per in.) treated with several 
series of rotproofing compounds. The experimental procedure adopted 
provided two random samples of fabric 6 in. warpwise by 8 in. weftwise 
representative of each treatment, for measurement of warp breaking strength 
after leaching and leaching followed by two and four weeks* soil burial, and 
after weathering and weathering followed by two and four weeks* soil burial. 
In the event, the effect of soil burial, particularly for four weeks, was so 
drastic as to make this determination impracticable in a number of instances; 
but with these exceptions five 6 by 1 in. ravelled warp strips from each 6 by 8 
in. piece were broken in a motor-driven Scott D-8 tester, the initial jaw spacing 
being 3 in. and the rate of separation of the jaws about 12 in. per min. 

Analysis 

Jaw Breaks 

It was reported by Edelman (4) that breaks at the jaws of the machine, 
comprising in his tests one-third of the whole, differed significantly in both 
average and variability from those occurring elsewhere along the test strip. 
This was attributed either to cutting action resulting from excessive tightening 
of the jaws, or to concentrated stresses in the fabric near the clamped portion 
due to uneven mounting. In an effort to minimize these adverse effects the 
jaws of the machine used here were coated with rubber, and this, together 
with care on the part of the operator, was perhaps reflected in the fact that 
the incidence of jaw breaks, namely 280 in 1715 or 16.3%, was only about 
half that noted above. These 280 jaw breaks were distributed over 354 sets 
of five measurements on separate pieces as follows: none in 158 (44.6%); 
one in 134 (37.9%); two in 43 (12.2%); three in 16 (4.5%); and four in 
3 sets (0.8%). The observed numbers thus showed some approach to the 
calculated frequencies of 145.1, 141.6, 55.4, 10.9, 1.0, and 0.0 obtained 
by expansion of the binomial probability function 

354(0.8367 + 0.1633) 5 . 

However, the actual frequency of zero and three or four significantly exceeded, 
while that of one or two fell short, of the random expectation for the total 
number of jaw breaks observed, suggesting some unevenness in the perform¬ 
ance of the operator. 

The undesirable attributes of these jaw breaks were likewise less pronounced 
than those reported by Edelman (4) for warp breaks of 116 W X 56 F cotton 
twill. Nevertheless, they still resulted in measurements that were on the 
average about 3.5% lower and 20% more variable than those obtained from 
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the non-jaw breaks of test strips from the same pieces. Such aberrant 
observations occurring with variable frequency must clearly be excluded from 
averages that are to be compared without adjustment, and sufficient test 
material should accordingly be provided to make possible the required number 
of acceptable measurements. 

Intra - and Inter-Piece Variance 

Examination of the variation in breaking strength recorded for test strips 
from the same piece by the well-known ‘control chart’ method (8, 9) indicated 
that while this was reasonably uniform in all the pieces subjected to leaching 
only, it was definitely non-uniform in those undergoing weathering or soil 
burial. 

Fig. 1 depicts the results for material leached subsequent to treatment but 
not otherwise modified, at which stage differences in treatment averages were 
of the order of 30% at most, and indicates that this series of measurements 
was ‘in control’ in the sense that it was characterized by uniform and predict¬ 
able variability. The plotted points represent the range from maximum to 
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Fig. 1. Range in breaking strength of three test strips (non-jaw breaks) from each of 75 
pieces subjected to leaching following rotproofing treatment. Points represent observed ranges, 
dashed lines the theoretical limits within which all but one of these should fall. 


minimum in non-jaw breaks of three test strips from each of 75 successive 
pieces, while the dashed lines indicate the limits, computed from tables due to 
E. S. Pearson (7), outside which only one point of this number would be 
expected to fall if measurements on all pieces were subject to the same 
Gaussian error system. In Figs. 2 to 4 the range in individual measurements 
is shown not in chronological sequence, but in relation to the average for each 
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Fig. 2. Range in breaking strength of three test strips (non-jaw breaks) in relation to 
average strength of pieces subjected to weathering following rotproofing treatment. Points 
represent observed ranges, dashed lines the theoretical limits within which all but one of these 
should fall. 

test piece, which now varied considerably. The divergence in measurements 
of pieces subjected to weathering only tended to increase progressively with 
the mean in the average ratio of 0.077 to 1, as illustrated in Fig. 2. On the 
other hand, after soil burial following either leaching (Fig. 3) or weathering 
(Fig. 4), test strips from pieces for which the average breaking force required 
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Fig. 3. Range in breaking strength of three test strips (non-jaw breaks) in relation to 
average strength of pieces subjected to leaching and two weeks' soil burial following rotproofing 
treatment. Points represent observed ranges, dashed lines the theoretical limits within which 
all but one of these should fall . 







268 


CANADIAN JOURNAL OF RESEARCH. VOL . 25, SEC. F. 


was less than 30 lb. gave results in much closer mutual agreement than did 
those from the remaining majority. The variance of these latter was, however, 
sensibly uniform for averages of from 30 to 200 lb. These characteristics, 
also observed in earlier tests, may be explicable by the consideration that 
whereas weathering caused a fairly uniform degradation of the entire fabric, 


Id 

O 

LJ 

<L 


CL 

Id 

a. 


</> 

< 

Id 

CL 

CD 

n 

z 


ID 

-I 


< 

CL 


WEATHERED AND BURIED 



40 80 120 160 

AVERAGE FOR PIECE ^LB./lN.J 


Fig. 4. Range in breaking strength of three test strips (non-jaw breaks) in relation to 
average strength of pieces subjected to wealheriyig and two weeks' soil burial following rot¬ 
proofing treatment. Points represent observed ranges , dashed lines the theoretical limits 
within which all but one of these should fall. 


soil burial resulted in more patchy damage by localized aggregates of micro¬ 
organisms. If these were distributed in accordance with Poisson’s law (5), 
their variance would increase in proportion to their numbers, and thus might 
offset the reduction in variability due to general degradation of the fabric, 
except when the latter was so extensive as to restrict the possible range. 

The inter-piece variance of the averages for duplicate pieces subjected to 
the same treatment and exposure was also .calculable, and was found to 
exceed ^ the intra-piece variance of individual test strips in the ratio of 
1.6:1, 2.8:1, and 4.7 : 1 for leached, leached and buried, and weathered 
and buried fabric respectively (excluding all pieces whose average strength 
did not exceed 30 lb. per in.). Comparisons of treatment averages were 
therefore subject to additional uncertainty from this cause. 

Tests of Statistical Significance 

The precision of treatment averages was affected firstly by the rejection of 
unacceptable (jaw break) measurements, and secondly by the inter- and 
intra-piece variance of the remaining data. On the seemingly justifiable 
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assumption that discrepancies in the results for test strips from the same 6 by 8 
in. piece originated for the most part in the experimental technique rather 
than in the cloth itself, the estimated variance (mean square error) of a treat¬ 
ment average derived from two test pieces providing tii and n 2 acceptable 
measurements was „ , „ 

» 1* w l T «2 „ , 

W + i s 2 

for an unweighted mean %(xi + x 2 ) of the averages Xi and x 2 for the two 
individual pieces; < 

( Wl n2 )2 (( Wl2 + n 2 2 ) 5 1 2 + ( W 1 + n *) S 2 2 ) 

for a mean ( n{xi + n 2 x 2 )/(ni + n 2 ) weighted in proportion to the number of 
acceptable measurements for each piece; and 

( _i_+_i_r 

\Si* + s 2 2 /n x T 5i 2 + s 2 2 /n 2 ) 


for a mean weighted inversely in proportion to the estimated variance 
($i 2 + s 2 2 /th) and ( si 2 + s 2 2 /n 2 ) of the averages Xi and x 2 . When tti = w 2 , all 
three of the foregoing are equivalent. When Wi ^ n 2 , the third procedure 
gives, at the cost of some extra computation, the mean of least variance, while 
the first is preferable to the second if 


si 2 > 


ni + n 2 9 

- s 2 z 

2n\ n 2 


The values of .^i 2 and s 2 2 estimated from the data were: 

*i 2 5a* 


Leached 

Weathered 

Leached and buried 2 wk. (Average > 30 lb.) 
Weathered “ M u M 


33 8 158.4 

20.6 0.002088 (mean) 2 

150.7 254.2 

90.7 86.8 


soil burial increasing the inter- and intra-piece variance of both leached and 
weathered material. From these, the variance of any treatment average 
was calculable by the formulae given in the preceding paragraph. The 
variance of the difference between any two averages was the sum of the 
variance of each, and from this the ‘necessary difference' required for any 
specified degree of statistical significance was obtainable by taking the square 
root and multiplying by the appropriate probability factor (S). With five 
acceptable measurements on duplicate pieces for each treatment, the tests 
under consideration were found to be capable of discriminating differences of 
17, 10, 21, and 16 lb. per in., in leached, weathered, leached andburied,and 
weathered and buried fabric at the 5% level of significance, the value cited 
for weathered material being that appropriate in the neighbourhood of the 
general average of 100 lb. per in. 
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Replication and Precision 

From the foregoing estimates of si 2 and s 2 2 , further estimates could be made 
of the variance of the averages of measurements of any specified number of 
pieces and test strips per piece, and hence of the differences in such averages 
required for statistical significance. The reciprocal of the last quantity 
provides an index of the estimated precision attained, and the relation of this 
to the number of pieces and of strips per piece of leached and of weathered 
and buried fabric tested is illustrated in Fig. 5. In consequence of the variance 



NUMBER or TEST STRIPS (s) PER PIECE 


Fig. 5. Estimated precision of averages in relation to number of replicate pieces (p) and 
of test strips (s) per piece. 


in test pieces additional to that in strips from the same piece, a greater gain in 
precision would have resulted from increasing the number of replicate pieces 
than from increasing the number of strips tested per piece in the same ratio. 

This consideration (discussed elsewhere by Mandel (6) in its relation to the 
replication of chemical analyses) was particularly operative in the results for 
weathered and buried cloth, which had a large inter-piece variance, and it 
was estimated that the average from two test strips from each of six pieces 
would have been 1.7 times as precise as that from six strips (the maximum 
number possible) from each of two pieces of this material. However, due 
weight must also be given to the fact that whilst the provision of each treated 
and exposed 6 by 8 in. piece entailed an average expenditure of about 12 cents 
for materials and labour, the cost of the labour involved in preparing and 
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breaking a test strip averaged only about 4| cents. This resulted in cost in 
relation to the estimated precision to be obtained from different numbers of 
test pieces and strips varying as shown in Fig. 6. As inter-piece variance was 
the major source of discrepancy in measurements of weathered and buried 
fabric, any considerable improvement in the precision of these, if required, 
could be effected only by increasing the number of pieces, the devotion of 
labour to more than two test strips per piece being decidedly uneconomical. 
Moderate precision, corresponding to a ‘necessary difference 1 of IS or 16 lb. 



k 


25 


r 5 


Vo 


Vs 


k. 


IS 


precision (reciprocal of ‘necessary difference*) 


Vo 


Fig. 6. Estimated cost in relation to precision of tests using two , four, and six replicate 
pieces (p) and one to six test strips per piece. 


per in., could, however, have been obtained from either one test strip from 
each of six pieces or from two strips from each of four pieces subjected to 
leaching only. The latter would have required one-third more measurements, 
but in spite of this would have been 15% less costly in total materials and 
labour. These contrasting results emphasize the fact that quantitative study 
of the actual errors of measurement is prerequisite to assessment of the 
efficiency of test programs of this kind. 

References 

1. Brownlee, K. A. Industrial experimentation. His Majesty’s Stationery Office, London. 

1946. 

2. Canadian Government Purchasing Standards Committee. Schedule of methods of 

testing textiles, No. 4-GP-2-1944. Ottawa. 1944. 

3. Cochran, W. G. Empire J. Exptl. Agr. 6 : 157-175. 1938. 




272 


CANADIAN JOURNAL OF RESEARCH. VOL. 25, SEC. F. 


4. Edelman, N. B. Textile Research J. 16 : 268-274. 1946. 

5. Fisher, R. A. Statistical methods for research workers. 10th ed. Oliver & Boyd, Ltd., 

London. 1946. 

6. Mandel, J. Ind. Eng. Chem., Anal. Ed. 18 : 280-284. 1946. 

7. Pearson, E. S. Biometrika, 32 : 301-308. 1942. 

8. Shewhart, W. A. Statistical method from the viewpoint of quality control. The 

Graduate School, Department of Agriculture, Washington. 1939. 

9. Simon, L. E. An engineers* manual of statistical methods. John Wiley & Sons, Inc., 

New York. 1941. 



Canadian Journal of Research 

Issued by Thb National Research Council or Canada 


VOL. 25, SEC. F. 


SEPTEMBER, 1947 


NUMBER 5 


PRODUCTION AND PROPERTIES OF 2,3-BUTANEDIOL 

XXII. THE EFFECT OF AEROBIC CONDITIONS ON THE 
AEROBACILLUS FERMENTATION 1 

By Dyson Rose 2 


Abstract 

In the A. polymyxa fermentation, aerobic as compared to anaerobic conditions 
resulted in an increased yield of acetoin plus diol and a decreased yield of ethanol. 
As the fermentation proceeded under anaerobic conditions, there was a decrease 
in the proportion of substrate being used in the formation of acetoin and diol. 
This decrease was accompanied by an increase in the formation of acetic acid. 
During fermentation under aerobic conditions, no decrease occurred in the 
formation of acetoin plus diol. 


Introduction 

Walpole (10) in 1911 reported a greater yield of butanediol and acetoin 
from the fermentation of sucrose by Bacillus lactis aerogenes in the presence 
of oxygen than when the fermentation was conducted anaerobically. This 
observation has since been confirmed with other organisms inducing a similar 
fermentation, including Aerobacter faeni (2) and Aerobacter aerogenes (1), and 
a greater yield of these four-carbon compounds during the fermentation of 
milk under aerobic conditions has been observed by Prill and Hammer (7) 
and by other workers. The work of Kluyver et al . (5), and of Elion (3, 4), 
with yeast indicated that an acyloin condensation occurred whenever acetal¬ 
dehyde accumulated in a fermenting medium, and that such an accumulation 
could be induced by supplying an alternate hydrogen acceptor. Oxygen was 
found to be capable of acting in this capacity and it was therefore assumed 
that the effect of oxygen in increasing the yield of butanediol and acetoin 
was the result of its action in preventing the reduction of acetaldehyde to 
ethanol. 

In the yeast fermentations, ethanol is normally the only product obtained 
in large quantities and the above explanation for the increased formation of 
diol and acetoin under aerobic conditions appears to be satisfactory. How¬ 
ever, in the more complex bacterial fermentations it is inadequate. In these 
bacterial fermentations hydrogen may be released in gaseous form and the 

1 Manuscript received January 1, 1947 . 
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Ottawa , Canada . Material selected from a thesis presented to the School of Graduate Studies , 
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reduction of acetaldehyde to ethanol need not occur even in the absence of an 
alternate hydrogen acceptor. It therefore cannot be assumed that the 
presence of such an acceptor would necessarily increase the total quantity of 
acetaldehyde accumulated. Furthermore, in these complex fermentations 
any acetaldehyde formed may be further metabolized in a variety of ways, 
and even under strictly anaerobic conditions considerable variation in the 
yields of the various products may occur (8) so that a decreased reduction of 
acetaldehyde to ethanol need not result in an increased yield of butanediol. 

In view of these considerations and the probable importance of aeration 
in the commercial production of butanediol by means of the Aerobacillus 
fermentation, it seemed desirable to study the effects of oxygen more closely. 
The results of such studies on fermenting grain mashes have been presented 
by Adams (1); the present paper presents the results of similar studies using 
dextrose media. 

Materials and Methods 

The general procedures used in these studies were those previously described 
(8, 9). Two locally isolated strains of the organism, N.R.C. Strains C38 (2) 
and C2S, were used. Efficient aeration of the medium was obtained by the 
use of Kluyver flasks, the purified oxygen or nitrogen being supplied at a 
rate of about 70 ml. per litre per minute. 

The analytical methods have been described in previous papers (6, 8). 


TABLE I 

Comparative yields of the various fermentation products 

UNDER AEROBIC AND ANAEROBIC CONDITIONS 


Product 

Yield, moles per 100 moles of 
dextrose fermented 

Anaerobic 

Aerobic 

Butanediol 

40.6 

Trace 

Acetoin 

0.2 

51.4 

Ethanol 

83.2 

42.2 

Formic acid 

2.4 

4.1 

Acetic acid 

6.3 

7.4 

Lactic acid 

2.9 

7.0 

Succinic acid 

1.6 

2.5 

Malic acid 

0.2 ’ 

1.5 

CO, 

200.7 

210.3 

H, 

97.9 

13.5 

Acetone* 

9.5 

? 

Carbon recovery 

98.3% 

92.7% 

Acetoin + diol** 

0.96 

2.33 

Ethanol 



Oxidation-reduction index 

1.00 

2.14 


* The occurrence of acetone under these conditions has been discussed previously; the value 
given was obtained by calculation (8). 

** Calculation on a weight basis. 
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Yield of Products 

Concurrent aerobic and anaerobic experiments were conducted to compare 
the yields of the various products. The results obtained under anaerobic 
conditions have been presented in a previous paper (8), and have been shown 
to be satisfactory by means of a balance sheet. Yield data for a representative 
aerobic fermentation with Strain C25 are presented in Table I. 

These data show the expected increase in the yield of butanediol plus 
acetoin and also a distinct decrease in the production of ethanol under aerobic 
conditions. The production of organic acids by this organism is variable and 
the differences indicated in Table I are not believed to be significant. How¬ 
ever, the increase in the production of carbon dioxide is probably a real effect 
of aeration. Adams (1) did not observe any decrease in the yield of fermenta¬ 
tion products due to oxidation, but more thorough aeration was obtained 
with dextrose solutions than with the viscous grain mashes used by Adams. 
Carbon dioxide yields from dextrose were considerably in excess of the amount 
that would be produced by fermentation alone, but the extent to which 
oxidation occurs appears to be rather limited. The greatly reduced yield of 
hydrogen in the presence of oxygen indicates that oxygen was acting as a 
hydrogen acceptor, but the fact that some gaseous hydrogen was formed 
under aerobic conditions would seem to indicate that no well developed 
oxidative mechanism is present. 

Rate of Formation of Products 

Studies on the effects of oxygen on this fermentation were also made on 
samples withdrawn periodically. The presence of large amounts of dextrose 
together with the rapidly developing organisms made the determination of 
dextrose in the earlier samples difficult, and considerable error was thus 
introduced even though a clarification procedure was used. This error is 
clearly shown in the ‘carbon accounted for’ values of Table II where the 
excessively high values for the first samples are due to the error involved in 
the determination of dextrose. This error also resulted in a slight upward 
displacement of the first points of the curves of Fig. 1 (A and B) but did not 
obscure the shape of these curves. 

Since wide variations in the yields of the main products of this fermentation 
have been observed (8), data are presented for two strains of the organism 
C38 (2) and C25. The first of these is the more typical in that the butanediol: 
ethanol ratio, on a weight basis, exceeded 1 : 1 under anaerobic conditions 
and the acetone yield was low or nil. The second, C25, produced larger 
quantities of ethanol than of butanediol under anaerobic conditions and may 
also have produced considerable quantities of acetone. 

The yields of fermentation products, other than carbon dioxide and 
hydrogen, are presented in Tables II and III. Assuming that the fermenta¬ 
tion involves the decarboxylation of pyruvic acid, and ignoring lactic and 
formic acids, a value of 400 moles should be obtained for the ‘carbon accounted 
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TABLE II 

The yield of products, as moles per 100 moles of dextrose utilized, at various times 
DURING ANAEROBIC FERMENTATION BY STRAINS C38 (2) AND C25 


Sampling 
time (hr ) 

Butanediol 

Acetoin 

Ethanol 

Formic 

acid 

Acetic 

acid 

Lactic 

acid 

Succinic 

acid 

Malic 

add 

Carbon 

accounted 

for* 

C38 (2) 










12 

60 0 

34 4 

108 9 


27 6 

11 5 


1 1 

767 7 

24 

54 5 

14 0 

80 5 


6 8 

4 3 

1 8 

0 3 

488 8 

36 

44 5 

13 3 

76 0 


10 5 

3 6 

1 7 


431 3 

48 

44 1 

7 1 

73 8 


16 6 

3 3 

1 7 

0 1 

405 3 

72 

52 6 

4 3 

63 3 

2 8 

21 2 

3 2 

1 4 

0 1 

415 0 

96 

50 4 

7 0 

60 9 

2 9 

20 8 

2 5 

1 0 

0 4 

409 0 

C25 










12 

46 7 

29 0 

169 5 

90 0 

74 3 

17 8 

6 6 

1 5 

966 2 

24 

21 8 

8 8 

91 3 

16 5 

20 8 

4 5 

2 5 

mtm 

389 4 

36 

20 3 

6 1 

85 3 

5 8 

20 4 


2 0 

■ 

343 9 

48 

16 6 

5 1 

98 4 

6 3 

20 2 


1 7 

I 

348 4 

72 

18 0 

0 8 

93 8 

0 6 

18 9 


1 6 

0 4 

316 4 

96 

19 9 

1 3 

89 6 

0 9 

18 6 

2 5 

1 6 

1 2 

320 8 

_l_ 


* Summation of (yield of product X number of carbon atoms m its molecule) 


TABLE III 

The yield of products, as molfs per 100 molfs of dextrose utilized, at various times 
DURING AEROBIC FERMENTATION BY STRAINS C38 (2) AND C25 


Sampling 
time (hr) 

Butanediol 

Acetoin 

Ethanol 

Formic 

acid 

Acetic 

acid 

Lactic 

acid 

Succinic 

acid 

Malic 

acid 

Carbon 

accounted 

for* 

C38 (2) 










24 

12 1 

25 9 


12 6 


10 9 


8 6 

374 1 

48 

33 1 

25 9 


24 1 


9 0 


1 0 

441 5 

72 

24 3 

34 6 


3 4 


4 9 


1 5 

362 7 

96 

18 9 

46 5 

40 8 

2 5 

7 8 

5 4 


1 3 

391 9 

120 

0 6 

62 9 

41 4 

3 2 

8 3 

6 4 


— 

384 6** 

C25 










24 

67 4 

11 6 

64 5 

11 3 

3 6 

8 7 

1 9 

0 3 

500 4 

48 

31 2 

34 2 

63 3 

6 3 

5 4 

5 4 

2 0 

2 6 

439 9 

72 

4 7 

56 3 

53 5 

1 8 

11 2 

4 5 

2 8 

1 3 

405 1 

96 

0 

63 0 

56 4 

1 4 

12 1 

4 5 

2 7 

0 3 

416 2 


* Summation of (yield of product X number of carbon atoms m its molecule). 
** Malic acid sample lost. 


for* column. The values obtained under anaerobic conditions, apart from 
the initial errors in sugar analysis discussed above, are fairly satisfactory for 
Strain C38 (2) but are too low for Strain C25. This is probably due to the 
fact that acetone was not determined. Under aerobic conditions these 
4 carbon accounted for* values are in general quite satisfactory. 
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In Fig. 1 the yields, in millimoles per litre, of the various products are 
plotted against the millimoles of dextrose utilized so that the curves obtained 
indicate the relative rates at which each product was produced and also the 
proportion in which dextrose entered into the various products. In these 
figures the values for the four-carbon compounds, which are assumed to arise 
by condensation of two-carbon compounds, have been doubled in order to 
indicate the true proportionality among the products. 



ML.UM0LES OF DEXTROSE 


Fig. 1. Millimoles per litre of product formed plotted against millimoles of dextrose utilized . 

- 2 (butanediol + acetoin); — — — ethanol: ---- acetic acid; 

—-- lactic add; .2 (succinic + malic acid). 

A. C38 (2), anaerobic; analyses at 12, 24, 36, 48, 72, and 96 hr.; total dextrose 

available, 69.4 millimoles. 

B. C25, anaerobic; analyses at 12, 24, 36, 48, 72, and 96 hr.; total dextrose 

available, 74.4 millimoles. 

C '. C38 (2), aerobic; analyses at 24, 48, 72, 96, and 120 hr.; total dextrose 
available, 69.2 millimoles. 

D . C25, aerobic, analyses at 24, 48, 72, and 96 hr.; total dextrose available, 71.6 
millimoles. 

Note.—The yields of four carbon compounds have been multiplied by two in order to indicate 
the true proportionality in which triose particles (pyruvic add) enter into the 
formation of the products. 
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Two different portions of these curves can be distinguished, the main sloping 
portions formed while the utilization of dextrose was proceeding and the 
small vertical sections that represent interconversion of the products after 
dextrose utilization was complete. These later portions of the curves indicate 
that small quantities of butanediol may be formed at the expense of ethanol 
but these interconversions among the products are of no significance in the 
present discussion. 

Under anaerobic conditions the production of ethanol by both strains 
proceeded at the expense of a relatively constant proportion of the substrate 
as long as dextrose was present. With Strain C2S the production of ethanol 
utilized almost one-third of the carbon of the dextrose, an average of 0.92 
moles of ethanol being obtained per mole of dextrose fermented. With 
Strain C38 (2) the yield of ethanol was lower and showed an average value of 
0.71 moles per mole of dextrose. The production of butanediol plus acetoin, 
on the other hand, did not use a constant proportion of the substrate—the 
proportion decreased as the fermentation progressed. Apparently, during 
the later stages of the fermentation, more of a common precursor was diverted 
to the production of another product and less to the production of acetoin 
and diol. 

The yields of succinic plus malic, and of lactic, acids were small and relativel 
constant, and they cannot account for the substrate diverted from the produc¬ 
tion of acetoin and diol. With Strain C38 (2) a distinct increase in the 
proportion of acetic acid formed occurred during the later part of the fermenta¬ 
tion, and it is not improbable that this increment of acetic acid was formed at 
the expense of the acetoin. With Strain C25 none of the products shown in 
Fig. 1 increased sufficiently to account for the diverted substrate. Probably 
acetone, the only known product not included in these analyses, was produced 
to a greater extent late in the fermentation period. The low ‘carbon accounted 
for* values of Table II support this suggestion. 

Under aerobic conditions the relative proportion of precursor used in the 
formation of acetoin and butanediol was much increased, largely at the 
expense of ethanol. Moreover, each of these major products was produced 
from a relatively constant proportion of the dextrose utilized; the decline in 
the production of acetoin plus diol having apparently been prevented by the 
aerobic conditions. In the fermentation induced by Strain C38 (2) some 
decrease in the proportion of acetic acid formed is apparent and although the 
data are not conclusive there appears to have been a compensating increase 
in the acetoin plus diol yield. With Strain C2S a slight increase in the produc¬ 
tion of acetic acid occurred late in the fermentation period but this did not 
markedly detract from the acetoin plus diol yield. As noted above little 
acetone appeared to be produced under aerobic conditions. With both strains, 
all of the other acids were produced from relatively small and constant pro¬ 
portions of the substrate. 
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Conclusions 

The data presented show that although in the presence of oxygen a small 
amount of the substrate may be oxidized to carbon dioxide and water, the 
main effect of aeration was to alter the proportions of the products. Thus, as 
frequently noted in the literature, the yield of acetoin plus diol was greater 
under aerobic conditions, while that of ethanol was lower. As the fermenta¬ 
tion proceeded under anaerobic conditions, there was a decline in the formation 
of acetoin plus diol per mole of dextrose utilized, acetic acid or acetone appar¬ 
ently being formed in their place. This progressive change in the relative 
amount of substrate being converted to a particular product appears to be 
an important observation which, to the writer’s knowledge, has not been 
previously recorded. It may presumably be related to some physical or 
chemical property of the medium or to the reproductive rate of the organism, 
but further study is required before any adequate explanation can be offered. 
The effect of oxygen in preventing the decline in butanediol plus acetoin 
production is also of considerable interest, both from the scientific and the 
practical point of view. 
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CHARACTERISTICS OF SOME PSYCHROPHYLIC BACTERIA 1 

By J. J. R. Campbell* and G. B. Reed* 

Abstract 

The 10 cultures of bacteria described in this paper developed in an acid (pH 
5.0) digest of casein, stored at 4° C. Six of the 10 cultures were Proteus ichthy- 
osmius, two Pseudomonas schuylkilliensis, one P.fluorescens, and one Lactobacillus 
leichmanii. The Proteus and Pseudomonas grow at 0° C. and the Lactobacillus 
at 0° to 5° C. With the exception of Pseudomonas there is no previous record of 
growth of these organisms at low temperatures. 

In connection with another problem, tryptic digests of casein, adjusted to 
pH 5.0, were stored in carboys, without sterilization, in a cold room at 4° C. 
(3). The majority remained clear and apparently free from contamination 
for long periods. An occasional carboy of digest became contaminated. 
This contamination developed slowly but the initially clear digest became 
cloudy from the growth in about two weeks. From one such contaminated 
digest some four species of bacteria were isolated. As a result of the condi¬ 
tions under which they developed and certain unusual properties of the 
organisms it seemed desirable to record their characteristics. 

The organisms were isolated and cultivated in a basal medium composed 
of 1.0% tryptic digest of casein, 0.5% yeast extract, and 0.5% dipotassium 
hydrogen phosphate. In experiments where the ability to use a specific 
substrate was not being tested 0.1% glucose was added to the basal medium. 
To determine the ability of organisms to grow at temperatures below freezing, 
agar stabs, 4.0% sodium chloride broth, and 10.0% glycerol broth were 
used. All three proved satisfactory at —5° C. In determining temperatures 
of growth the tubes of media were held at incubation temperature for six to 
seven hours prior to inoculation. In order to determine the optimum pH 
and the optimum temperature of growth, nephelometer readings were carried 
out every eight hours. The conditions favouring maximum growth at 24 hr. 
were considered optimum. In general, the same relative results were obtained 
at 8, 16, and 24 hr. 

Since we were interested in these organisms that could grow under the 
unusual conditions of pH 5.0 and temperature of 4° C., isolations were made 
on agar plates at pH 5.0 streaked with the contaminated casein digest and 
incubated at 4° C. Colonies, which were fully developed at two weeks, were 
remarkably uniform and gave the impression that only two species were 
present. However, 10 colonies, which included the slightest variation in 
colony form, were picked. These isolates were examined in some detail. 

1 Manuscript received April 8, 1947. 
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Six of the 10 cultures were identified as a species of Proteus; three cultures as 
three species of Pseudomonas , and one culture as a Lactobacillus. The some¬ 
what unusual characteristics of the four species are summarized in the follow¬ 
ing paragraphs. 

Proteus sp. 

Rods: 0.5 to 0.8 by 1.0 to 2.0 /i, occurring singly. Motile with peri- 
trichous flagella. Gram-negative. 

Gelatine stab: Liquefaction. 

Agar colonies: Large, white, entire, shiny, raised. 

Broth: Slightly floccular with thin pellicle. 

Litmus milk: Slight acid production. Rapid peptonization. Litmus 
reduced. 

Indole not formed. 

Nitrites produced from nitrates. 

HjS formed. 

Acid and gas from dextrose, sucrose, maltose, and mannitol. Lactose 
not fermented. 

Methyl red test negative; Voges-Proskaeur test positive. 

Temperature relations: Optimum 20° to 25° C. 

Minimum below —5° C. 

Maximum 35° to 40° C. 

Optimum pH: 6.5 to 8.0. Will initiate growth at pH 5.0. 

Salt tolerance: Will grow in up to 9.0% sodium chloride. 

This organism appears to be Proteus ichthyosmius (Hammer) Bergey et al . 
It differs from the accepted characteristics of the species in the absence of 
indole formation, in the appearance of colonies on agar, and the absence of 
fishy odour in milk cultures. However, in view of the very limited amount 
of work done on P. ichthyosmius , it seems more logical to regard the present 
organism as a member of this species rather than as a new species. 

There is no previous record that this species grows at low temperature. 
Moreover, growth at — 5° C. appears to constitute a new low temperature 
record for the genus Proteus . 

Pseudomonas schuylkilliensis 

Rods: 0.5 to 0.7 by 1.5 to 3.0 fi. Motile with polar flagella. Gram¬ 
negative. 

Gelatine stab: Liquefaction at one week. 

Agar colonies: Flat, opaque, smooth, 1 mm. in diameter. 

Broth: Slightly floccjulant with light-pellicle. 

Litmus milk: Slight acid. Digested from the surface down. 

Indole not formed. 

HaS not produced. 

Nitrates not reduced. 

Aerobic. 

Pyocyanin produced. 
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Fluorescent pigment produced. 

Temperature relations: Optimum 27° C. 

Minimum 0° to 5° C. 

Maximum 35° C. 

Optimum pH: 7.0. Will initiate growth at pH 5.0. 

Salt tolerance: Will grow in up to 6.0% sodium chloride. 

Pseudomonas fluorescens 

Rods: 0.5 to 0.7 by 1.5 to 2.5 /x. Motile with polar flagella. Gram* 
negative. 

Gelatine stab: Rapid liquefaction. 

Agar colonies: Brownish, raised, smooth. 

Broth: Heavy sediment with thin pellicle. 

Litmus milk: No coagulation. Digestion from the surface down. 

Indole not formed. 

H 2 S not produced. 

Nitrites and nitrogen produced from nitrates. 

Aerobic. 

Pyocyanin not produced. 

Fluorescent pigment produced. 

Temperature relations: Optimum 25° C. 

Minimum below —5° C. 

Maximum 37 3 C. 

Optimum pH: 6.8. Will initiate growth at pH 5.0. 

Salt tolerance: Will grow in up to 6.0% sodium chloride. 

These two pseudomonas forms show the accepted characteristics of P . 
fluorescens and P. schuylkilliensis. There are many previous records of low 
temperature growth of various species of Pseudomonas , Hess (2), Thj0tta 
and S0mme (4). Gibbons (1) isolated P. fluorescens from most iced fish 
fillets examined. Many strains of both species were found to grow rapidly 
at'0° to 3° C. 

Lactobacillus sp. 

Rods: 0.3 by 1.0 to 3.0 /x, occurring singly, in pairs, or in short chains. 

Non-motile. Gram-positive. 

Catalase negative. 

Agar colonies: Pin-point, white. 

Agar slant: Very faint growth. 

Broth: Uniformly turbid with heavy growth. 

Litmus milk: Completely reduced in 10 hr. No further action. Trace 
of acid formed in yeast milk. 

Gelatine not liquefied. 

Nitrites not produced from nitrates. 

Acid from dextrose, sucrose, and maltose. Lactose and inulin not 
fermented. Produces only traces of by-products other than lactic 
acid from dextrose. Inactive lactic acid formed. 



CAMPBELL AND REED: CHARACTERISTICS OP SOME PSYCHR0PHYL1C BACTERIA 283 


Temperature relations: Optimum 20° to 25° C. 

Minimum 0° to 5° C. 

Maximum 37° to 40° C. 

Optimum pH: 6.5. Will initiate growth at pH 5.0. 

Salt tolerance: Will grow in up to 7.0% sodium chloride. 

The range of conditions under which this organism grows is most unusual 
for a lactobacillus. The fact that it rapidly reduces litmus milk without 
fermenting lactose seems paradoxical; however, when yeast extract is added 
to litmus milk there is a slight increase in titratable acidity. If this organism 
is regarded as a non-lactose fermenter it fits into the description of L. letch- 
manii Bergey et al. except that the optimum temperature range for growth is 
much lower than that recorded for L. leichmanii. 

Discussion 

These four species of bacteria, found growing under conditions of unusually 
low temperature and unusually high acidity, appear to fit into the descriptions 
of previously known species except for the low optimum and especially the 
low minimum temperatures at which they grow. 

There is no evidence of how these organisms got into the low temperature 
stored digests. Since the cold room had been used for this purpose for two 
to three years it is possible that they are the product of variation and acclima¬ 
tization, from more mesophilic types, to low temperature and high acidity. 
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THE STABILITY OF CYANOGEN CHLORIDE 1 

By A. B. Van Cleave 2 and R. L. Eager 3 


Abstract 

The stability of cyanogen chloride in contact with Pyrex glass, aluminium, 
bakelite, brass, and steel at 20° C. has been investigated. The tests indicate 
that crude or purified cyanogen chloride can be satisfactorily and safely stored 
in contact with any of these materials except brass, provided that precautions 
are taken to ensure that only relatively small amounts of water or hydrochloric 
acid are present. Brass has been shown to be entirely unsatisfactory as a 
container material for either crude or pure cyanogen chloride as it appears to 
catalyse a decomposition reaction that is not shown by any of the other materials 
tested. 

Introduction 


In the commercial preparation of cyanogen chloride from a cyanide and 
chlorine, it is probable that small amounts of water, hydrogen cyanide, 
chlorine, and hydrogen chloride would be present as impurities. Jennings and 
Scott (1), in discussing the methods of preparation of cyanogen chloride, 
state that the pure product does not polymerize but that impure products 
show a varying degree of polymerization, depending upon the conditions. 
They found this to be especially marked when traces of hydrochloric acid 
were present. Whitmore (4) states that cyanogen chloride polymerizes on 
standing to give cyanuric chloride (CNCl) a . It is also known that cyanogen 
chloride undergoes hydrolysis in alkaline media to produce cyanates but the 
literature does not contain any direct reference to hydrolysis in acid media. 

According to Sartori (2) cyanogen chloride has no corrosive action on iron, 
lead, aluminium, tin, or silver but it does attack copper and brass slightly, 
with the formation of a protective coating that prevents further corrosion. 
No reference to the original literature is given and in view of certain other 
conflicting information it is desirable to study the storage characteristics of 
cyanogen chloride in contact with various materials suitable for the manu¬ 
facture of containers. 


Cyanogen Chloride Materials 

Except where noted, crude cyanogen chloride (American Cyanamid Com¬ 
pany), which had been filtered through glass wool to remove polymerized 
materials and solid ammonium chloride, was used. The original liquid was 
slightly yellow in colour and some yellowish white solid had collected on the 
walls of the containers. An analysis based on the amount of chloride present 
after complete hydrolysis by sodium hydroxide indicated the crude liquid to 
be 99.4% cyanogen chloride. 


Some of the crude cyanogen chloride was purified by distilling it from a 
mixture of cuprous chloride, magnesium oxide, zinc oxide, and calcium 


1 Manuscript received January 27 , 1947. 

Contribution from the Department of Chemistry, University of Saskatchewan , Saskatoon , 

Sask . 

* Associate Professor of Chemistry. 

1 Graduate student . 
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chloride. This material had a freezing point of approximately — 7° C. and 
was water white. Analysis by the above mentioned method gave a mean 
value for duplicate samples of 100.1% cyanogen chloride. 

Metal Samples 

Sheet brass and aluminium were used. The steel was band steel. Two 
coats of bakelite varnish were applied to some of the steel samples so as to 
ensure that the substrate was entirely covered. 

Experimental Method 

Since it was desired to measure the pressure increase, if any, the samples 
were arranged in clean Pyrex glass vessels as indicated in Fig. 1. To facilitate 
the measuring of pressures from approximately zero to the neighbourhood of 
four atmospheres, a U-shaped mercury manometer with air enclosed in the 
sealed off limb was used. The metal samples were cleaned, dried, and weighed 
and then sealed into the reaction bulbs. Before admitting the cyanogen 
chloride, the manometers were calibrated by taking readings of known 
pressures. 

About 25 ml. of crude cyanogen chloride was poured into the reaction bulb 
(which was immersed in a freezing mixture) at G (Fig. 1) by allowing it to 



Fig. 1. Diagram of apparatus used to measure the pressure increase • 
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run through a funnel packed with Pyrex glass wool. Following the addition 
of cyanogen chloride the apparatus was sealed to a vacuum system at H 
(Fig. 1) and evacuated. When evacuated to as low a pressure as possible, 
the pumps were cut off, the low temperature bath removed, and the cyanogen 
chloride allowed to melt. When all the solid had melted, it was frozen once 
more and again evacuated. These operations were intended to remove any 
inert gases present. The apparatus was sealed off from the vacuum system 
and placed in a constant temperature bath maintained at 20.0 ± 0.1° C. 

When purified cyanogen chloride was being used the above procedure was 
modified in that the material was distilled into the evacuated apparatus 
through phosphorus pentoxide. 

In order to prevent condensation of liquid cyanogen chloride on the mercury 
surface at d (Fig. 1), which occurred when the room temperature dropped 
below 20° C., a heater consisting of nichrome wire wound on a strip of transit 
board was placed along the row of manometers. This heater was shut off 
for some hours before pressure readings were taken, thus ensuring that the 
enclosed air in the manometers would be at room temperature when the 
readings were taken, which was at intervals of approximately one week. 

After being in progress for the time indicated in Table I, or Fig. 3, each 
test was terminated as follows: the reaction vessel was removed from the 
bath and placed in a dry ice - acetone freezing mixture. When the pressure 
became steady the glass above d (Fig. 1) was thickened, drawn down, and 
sealed off from the manometer. The reaction vessel was then allowed to 
come to room temperature, causing the pressure to rise above atmospheric. 
The tip was then broken beneath the surface of a barium hydroxide solution. 
The formation of a heavy white precipitate was taken to be a positive test for 
carbon dioxide in the escaping gases. 

The metal strips were then removed, examined for corrosion, and weighed. 

Experimental Results 

The results may conveniently be considered in two parts: 

(a) blank tests and tests with metals other than brass, and 

(b) tests with brass. 

(a). The blank tests together with tests involving aluminium, steel, and 
bakelite coated steel with both crude and purified cyanogen chloride are 
summarized in Table I. In tests Nos. 17 and 18 no manometers were attached; 
these tests were started as checks on Nos. 10 and 11, in which the manometers 
were broken by accident. Fig. 2 gives a graphical representation of any 
pressure change that occurred in those tests where manometers were attached. 
To avoid undue complication of this figure the results of only one of each 
duplicate test has been plotted using a few representative pressure readings. 
In all cases the results of duplicate tests were similar. It is to be noted that 
in all cases where crude cyanogen chloride was used, including the blanks, 
some pressure increase was shown over a long period of time. In no case, 
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TABLE I 

Summary of changes occurring in the blanks and tests 

WITH METALS OTHER THAN BRASS 


Test 

No. 

Metal 

Time 
in days 

Original 
weight, gm. 

Final 

weight, gm. 

Change* occurring 
in liquid 

Change in appearance 
of metal stripe 

Result of 
COt test 

2 

At 

580 

2.2222 

2 2172 

Very little change. 
Original yellow 
colour had deepened 
slightly. Very small 
quantity of grey 
coloured ppt. 

No apparent change 

Positive 

3 

A1 

558 

2 3581 

2.3895 

Same as No. 2 

No apparent change 
except that in the 
vapour space a few 
fine white crystals 
had deposited on 
the edges 

Positive 

4 

A1 using 
purified 
CNC1 

270 

2 2040 

2 2041 

The CNC1 remained 
water white, no sign 
of polymerization 

Same as No. 3 

: 

Negative 

16 

A1 using 
purified 
CNC1 

270 

2 2031 

- 

2 2031 

Same as No. 4 

No apparent change 

Negative 

1° 

Steel 

. 

152 

37 3090 

37 2425 

Final appearance not 
known definitely as 
water entered from 
the bath but there 
had been no pro* 
nounced change 



11 

Steel 

209 

36 1590 

36.1410 

Same as No 10 



17 

Steel 

143 

33 1839 

33 2018 

Same as No. 2 

i 

Attacked veryslightly. 
some darkening of 
the surface. Part 
of metal in vapour 
phase mottled yel¬ 
low 

No test 
made 

18 

Steel 

143 

33 5768 

33 7043 

l 

Same as No. 2 

Same as No. 17 

No test 
made 

12 

Blank 

(Pyrex 

glass) 

427 



Same as No. 2 


Positive 

15 

Blank 

(Pyrex 

glass) 

551 



Same as No. 2 


Positive 

13 

Bakelite 

547 

40 7974 

40.8961 

Same as No. 2 

Bakelite not attacked. 
On the surface of 
the bakelite in con¬ 
tact with the liquid 
a few small dark 
coloured specks had 
formed 

Positive 

14 

Bakelite 

398 

36.1165 

36.2360 

Same as No. 2 

Same as No. 13 

Positive 
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however, was the pressure increase excessive or likely to lead to an explosion* 
The metals used in the tests showed very little evidence of corrosion and this 
is borne out by the fact that only insignificant changes in weight occurred* 
Small amounts of polymer were present in most of these tests, but certainly 
most of the original cyanogen chloride was still present when the tests were 
terminated. 



TIME , DAYS 

Fig. 2. The increase of pressure with time. 

“©- => Aluminium, No. 3; $ = blank, No. 15; O =» bakelite, No. 13; 

% = steel, No. 11; (j) ** aluminium, No. 4 with pure cyanogen chloride. 

( b ). The variation of pressure with time for the tests involving brass is 
shown in Fig. 3. In test No. 5 (Fig. 3) purified cyanogen chloride was used 
while in tests Nos. 8 and 9 the crude material was used. In all three cases the 
liquid darkened in a comparatively short time and a dark brown precipitate 
settled out. In test No. 9 practically complete solidification occurred in 
about 250 days. The falling off of the pressure in this case was no doubt due 
to the complete polymerization or reaction of the cyanogen chloride. Examina¬ 
tion of the solid material remaining showed it to consist mainly of a dark 
brown substance in which was embedded a few white crystals. A small 
quantity of a dark viscous liquid remained. A few of the white crystals were 
separated from the mass and tests indicated them to be identical with poly* 
merized cyanogen chloride as obtained by Van Cleave and Mitton (3). 

The part of the remaining solid that was soluble in water gave qualitative 
tests for NH 4 +, Cl“, and Cu ++ ions. The bulk of the dark brown material 
was not identified. 

Complete solidification of the cyanogen chloride had not occurred in tests 
Nos* 5 and 8 up to the time of their termination. The liquid that remained 
on the termination of these tests was dark coloured and viscous and a con- 
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Fig. 3. The variation of pressure with time for samples in contact with brass . 

• « No. 8; # — No. 9; O — No. 5 with pure cyanogen chloride. 

siderable quantity of a dark coloured solid had collected in each tube. In all 
cases the brass strips showed evidence of extensive corrosion. These tests 
indicate brass to be entirely unsuitable for use as a container for either crude 
or pure cyanogen chloride. 

Discussion 

The results show that a reaction leading to a pressure increase occurred in 
all cases, including the blanks, where crude cyanogen chloride was used. 
However, it was only in the case of samples in contact with brass that the 
pressure reached undesirable proportions at 20° C. 

It has been shown (3) that the reaction 

CNC1 + 2H a O C0 2 + NH 4 C1 

proceeds readily in the presence of hydrochloric acid. Hence, if the crude 
cyanogen chloride contained small amounts of water and acid, this would be 
a likely reaction to occur in these tests and would account for the pressure 
increases observed. This is supported by the positive tests for carbon dioxide 
as noted in Table I. It is only necessary to-assume about 0.10% of water in 
the original samples to account for the pressure increases. In all cases, 
except where brass was used, the pressure has tended towards a constant value 
after a period of approximately 10 months. After that time there was no 
significant change in any of the tests involving aluminium, bakelite, steel, or 
the blanks. Apparently, it took a considerable time for all the water impurity 
to be used up at 20° C. owing to the low concentration of acid impurities 
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present. It is likely that this phase of the reaction would be more rapid at 
elevated temperatures, but there is no reason to believe that the pressure 
increase would have reached dangerous proportions at any ordinary storage 
temperature. It should be noted that no increase in pressure occurred in 
tests Nos. 4 and 16 (aluminium in contact with purified cyanogen chloride) 
over a period of 270 days nor was there any evidence of polymerization. This 
seems to bear out the statement that pure cyanogen chloride is quite stable. 

The only test in which the pressure increase could not be accounted for on 
the basis of the above proposed reaction is No. S (brass in contact with pure 
cyanogen chloride). This test showed no significant pressure increase for 
about 60 days. After that, however, a steady pressure increase was shown 
and marked decomposition of the liquid cyanogen chloride became evident. 
It appears that brass catalyses the decomposition of even purified cyanogen 
chloride with the evolution of a gas. This gas was not definitely identified. 
The rather large pressure increase shown in test No. 8, Fig. 3, may be partly 
due to this decomposition reaction. However, the major part of the pressure 
increase in this case was probably due to the reaction of cyanogen chloride 
with a few drops of water that were accidentally introduced during the process 
of sealing the manometer off from the vacuum system. 

Conclusions 

The tests indicate that crude or purified cyanogen chloride can be satis¬ 
factorily and safely stored in contact with Pyrex glass, aluminium, bakelite, 
or steel at 20° C., provided that precautions are taken to ensure that only 
relatively small amounts of water and acids, such as hydrochloric acid, are 
present. 

Brass has been shown to be entirely unsatisfactory as a container material 
for either crude or purified cyanogen chloride as it appears to catalyse some 
decomposition reaction that is not shown by any of the other materials tested. 
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DRIED WHOLE EGG POWDER 

XXVII. FURTHER OBSERVATIONS ON THE OCCURRENCE OF SALMONELLA 
ORGANISMS IN CANADIAN POWDER* 

By N. E. Gibbons* 


Abstract 

During 1945, Salmonella organisms (other than S. pullorum ) were isolated 
from 112 of 400 samples (28.0%) of Canadian dried egg powder. Fourteen 
types were found: S . oranienburg , 5 . typhimurium, S. thompson, S. monlevideo , 
S. newingfon , S. bareilly , S. manhattan , S. Potsdam, 5 . anatum , 5 . newport, S. 
paratyphi B (tartrate positive), 5. bredeney , 5. tennessee , and 5. selandia (listed 
in order of prevalence). 5. pullorum was isolated from 17 samples. In the 
majority of samples the most probable number of organisms was less than one 
per gram. No Salmonella organisms were found on the shells of 12,276 com¬ 
mercial eggs; Salmonella were isolated from the shells of eight of 24 eggs and 
later from the meats of two of 144 eggs from infected flocks. 


Introduction 

Previous studies indicated that Salmonella types were present in Canadian 
dried egg powder produced during 1943 (6). In November, 1944, it was 
suggested that this survey be resumed. Consequently all plain dried egg 
powders produced from the latter part of November, 1944, to the end of 
December, 1945, were examined. By this time four plants were producing 
dried sugar-egg powder (1, 11) and as most of the others were preparing to 
produce this type of powder, the survey was discontinued. Since dried 
sugar-egg powder is used exclusively for baking purposes there should be no 
health hazard (3, 7). 

The present paper summarizes the findings of this study. The result of 
some incidental work on the source of these organisms is also reported. 

Materials and Methods 

Composite samples of powder from each carlot of powder produced were 
sent to a central control laboratory where they were thoroughly mixed under 
aseptic conditions for bacteriological and chemical analyses (12). Approxi¬ 
mately 60-gm. portions of this mixed material were placed in sterile bottles, 
stored at approximately 40° F., and collected weekly for examination. Only 
Grade A powders were examined. 

The methods used have been reported previously (6). Quadruplicate 
5 gm. portions were examined throughout the study. From July on, both 
Difco SS and bismuth sulphite agars were used. Starting in September, 
whenever the first examination (total 20 gm.) was negative, the remainder of 

1 Manuscript received March 31, 1947. 

Contribution from the Division of Applied Biology , National Research Laboratories, 
Ottawa. Issued as Paper No. 194 of the Canadian Committee on Food Preservation and as 
N.R.C. No. 1599 . This paper was presented in part to the Laboratory Section of the Canadian 
Public Health Association , Dec. 16,1946. 

1 Bacteriologist, Food Investigations. 
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the powder (usually 30 to 40 gm.) was cultured. Preliminary identification 
was made by means of O-sera and fermentation reactions. All cultures 
identified as Salmonella were typed by Dr. P. R. Edwards of the Salmonella 
Centre, Lexington, Ky. 

The most probable number of organisms per gram of powder was determined 
for a number of samples (6). It was observed that even when three of four 
S-gm. lots were positive the M.P.N. was usually less than one per gram. 
Hence in the latter part of the work, estimates were made only if all the 
quadruplicate portions were positive. 

Results 

From the latter part of November, 1944, until Dec. 31, 1945, samples from 
400 carlots of powder were examined and Salmonella types (other than 5. 
pullorum) isolated from 112 (28%). This is five times the incidence reported 
previously (6). S. pullorum was found in 17 samples. 

The distribution by plants is shown in Table I. As before, there was no 
relation between the finding of Salmonella organisms and the plate count or 
total microscopic count of individual carlots, as given in the official reports of 
the Special Products Board. Rather there were indications of a contamination 
carried over in the plant. On several occasions, two, three, or even four 
carlots in succession would contain the same type. 


TABLE I 

Distribution by plants of samples of powder positive for Salmonella types other 
than S. pullorum , arranged in order of prevalence 


Plant 

Carlots 

examined 

Lots 

positive 

Percentage 

positive 

Average bacterial content 
thousands/gm. 

Plate 

Microscopic 

Western 






/ 

59 

40 

67.8 

110 

2550 

H 

79 

24 


76 

720 

G 

35 

9 

25.7 

74 

670 

A 

13 

3 

23.1 

39 

2000 

B 

62 

11 

17.7 

16 

520 

K 

4 

0 

0 

37 

320 


252 

87 

34.5 



Eastern 






F 

27 

6 

22.2 

120 

580 

C 

63 

11 

17.4 

275 

1400 

E 

50 

8 

16.0 

50 

2900 

D 

8 

0 

0 

65 

18,350 


148 

25 

16.8 



Total 

400 

112 

28.0 
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If average plate counts over the whole period are taken there is some 
relation with the incidence of Salmonella in the western plants (Table I). 
There is also some relation with direct microscopic counts. This relation is 
not as apparent with the eastern plants. Plant D operated practically 
entirely with frozen melange and pasteurized all liquid egg. 

There is no apparent relation between the type of drier and the incidence 
of Salmonella organisms. Plants I and H are very similar in design and the 
powder is removed rapidly. Plants B and E are also similar in design and 
operation, and have about the same incidence. It is also true that the 
eastern plants F and C operate at higher temperatures than the western 
plants. Plant C began to use a preheater in March, 1945, and no Salmonella 
organisms were isolated during the period April to December. This was the 
only preheater used in Canada during the period under review and the results 
confirm the findings of Schneider (15). However, it is our opinion that the 
number of contaminated eggs is greater in Western Canada and that this in 
relation to plant operation determines the incidence and survival of Salmonella 
organisms. This opinion has not been substantiated, as very little experi¬ 
mental work has been done. 

The distribution with time is shown in Table II. In this series a few more 
lots were positive in the fall and winter months than in the summer. This is 
the opposite of the previous series (6). On the over-all basis, the percentage 
of positive samples was remarkably constant throughout the year. The few 
positives in March and April are believed due to laboratory conditions. 

TABLE II 

Distribution of Salmonella- positive samples by months 



From western plants 

From eastern plants 

Total 

Month 

Carlots 

Lots 

Percentage 

Carlots 

Lots 

Percentage 

Carlots 

Lots 

Percentage 


examined 

positive 

positive 

examined 

positive 

positive 

examined 

positive 

positive 

Nov 

5 

1 

20 0 

3 

2 

66 6 

8 

3 

37 5 

Dec 

19 

7 

36 8 

13 

6 

46 1 

32 

13 

40 6 

Jan 

25 

9 

36 0 

14 

4 

28 6 

39 

13 

33 3 

Feb 

24 

9 

37 5 

15 

4 

26 6 

39 

13 

33 3 

March 

25 

2 

8 0 

17 

1 

5 8 

42 

3 

7 1 

April 

22 

3 

13 6 

13 

0 

0 

35 

3 

8 6 

May 

21 

7 

33 3 

14 

2 

14 3 

35 

9 

25 7 

June 

24 

8 

33 3 

10 

0 

0 

34 

8 

23 5 

July 

19 

4 

21 0 

11 

0 

0 

30 

4 

13 3 

Aug 

15 

8 (10)i 

53 3 (66 6) 

11 

0 

0 

26 

8(10) 

30 8 (38 4) 

Sept. 

14 

5(7) 

35 7 (50 0) 


0 

0 

21 

5(7) 

23 8 (33 3) 

Oct 

13 

5 (7) 

38 4 (53 8) 

i H 

1(2) 

14 3 (28 6) 

20 

6(9) 

30 0 (45 0) 

Nov 

18 

6(8) 

33 3 (44 4) 


1 

14 3 

25 

7(9) 

28 0 (36 0) 

Dec. 

8 

5 

62 5 

MM 

3 

50 0 

14 

8 

57 1 


252 

79 (87) 

31 3 (34 5) 

148 




103 (112) 

25 7 (28 0) 


1 Figures given in parentheses include isolations from larger amounts of powder (see text). 
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In Table II is also shown the increase in positive samples due to the examina¬ 
tion of the remaining 30 to 40 gm. of powder when the first examination 
proved negative. From September to December, 85 carlots were examined 
and Salmonella isolated from 36, nine of these or 25% being negative on the 
first test but positive in the larger sample. These increases made little 
difference in the order of incidence noted in Table I. Only one additional lot 
was found positive from the eastern plants ( E ). Four additional isolations 
were made from powder from Plant /, and two each from Plants H and G. 
These findings serve to emphasize the spotty distribution of these organisms 
in egg powder (6). It is also evident that, because of the small samples used 
in this investigation, the actual percentage incidence is higher than that 
reported here. 

In the eastern plants, the percentage of carlots positive for Salmonella was 
greater in powders prepared from frozen egg than in those from shell or shell 
and frozen egg mixed (Table III). In one western plant (H) the percentage 
incidence increased when frozen egg was used, but in the others the type of 
egg used made little difference. In Plant G two of the four positive lots 
from shell egg were obtained with the larger samples of powder. If these are 
not considered there is little change in the percentage of positive samples 
from the different types of egg. 


TABLE III 

Carlots of powder, containing Salmonella organisms, produced from shell eggs, 

MIXTURES OF SHELL AND FROZEN EGG, AND FROZEN EGG 




Shell 


Shell and frozen 


Frozen 


Plant 

No. 

carlots 

No. 

positive 

Per¬ 

centage 

positive 

No. 

carlots 

No. 

positive 

Per¬ 

centage 

positive 

No. 

carlots 

No. 

positive 

Per¬ 

centage 

positive 

Western 

■ 







■1 


A 

mrm 

1 

25 

1 

— 

— 

8 


25 

B 

■9 

3 

18 

33 

5 

15 

13 

Bl 

23 

G 


4 

40 

4 

1 

25 

21 

^BB 

19 

H 

13 

2 

15 

38 

8 

21 

28 

IIBIlB 

50 

I 

22 

14 

63 

30 

21 

70 

7 

5 

71 

K 

— 

— 

BB^ 

— 

— 

— 

4 

— 

— 


65 

24 


106 

35 

33 

81 

28 

34 

Eastern 



S ' ' ' 







C 

7 

— 

ilp® 

53 

11 

20 

3 

— 

— 

D 

1 

— 


1 

— 

_ 

6 

_ 

_ 

E 

18 

— 

H^B 

25 

4 

8 

7 

4 

57 

F 

7 

2 

29 

15 

2 

13 

5 

2 

40 


33 

2 

6 

94 

17 

18 

21 

6 

29 

Total 

98 

26 

26 

200 

52 

26 

102 

34 

33 
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Fifteen types of Salmonella were found. These are listed in their order of 
incidence in Table IV. Most of the types found previously (6) were again 
encountered. S. oranienburg was the most common type, although 27 of the 
45 strains were isolated from the powder produced by one plant. The three 


TABLE IV 

Types of SaltnoneUa isolated and their distribution 


Type 

No. of samples positive in: 

Total 





252 western lots 

148 eastern lots 


S . oranienburg 

45 

2 

47 

S. typhimurium 

14 

5 

49 

S. pullorum 

12 

5 

17 

S. thompson 

9 

5 

14 

S . montevideo 

0 

9 

9 

S . newington 

7 

1 

8 

S . bareilly 

4 

1 

5 

S . manhattan 

4 

— 

4 

S. potsdam 

3 

— 

3 

S. anatum 

2 

1 

3 

S . newport 

— 

1 

1 

S . paratyphi B 

S. bredeney 

1 

1 


1 

1 

S. tennessee 

1 

— 

1 

S . selandia 

1 

— 

1 
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strains of S . potsdam were from the same plant ( H) from which it was 
previously isolated (6). Of the new types, S. montevideo was found only in 
powder from eastern driers; eight of the nine isolations were from one drying 
plant. The strain of 5. paratyphi B was tartrate positive; this is apparently a 
rare type in fowl. As far as can be determined, S. selandia has not been 
reported previously from fowl or eggs. It might be noted that one culture of 
Aerobacter aerogenes having antigens VI and VII was encountered from Plant /. 
Recently, several reports listing types of Salmonella isolated from dried egg 
have appeared elsewhere (14, 15, 18). 

In eight lots of powder two types of Salmonella were encountered. In all 
but one instance the types were of different groups since it was impossible to 
distinguish types in the same group with the sera available for the preliminary 
screening. The following pairs were obtained: S . oranienburg and S. bareilly; 
S. oranienburg and S. newington; S. typhimurium and S. manhattan; S. 
typhimurium and S. bareilly; S. newington and 5. bareilly . S . pullorum was 
also encountered, along with S. oranienburg and with 5. bredeney. All of the 
above were isolated from the product of one drier (J). S . pullorum and 
S. typhimurium were isolated from a sample from Plant H. 

Of the 17 strains of S. pullorum isolated, 14 were found only on bismuth 
sulphite agar plates. The superiority of this medium over SS agar for S . 
pullorum was also noted in isolations from chicks. This has recently been 
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reported by others (16). Schneider (IS) claims that selenite F enrichment is 
superior to tetrathionate broth for the isolation of S. pullorum , although it is 
not stated whether equally good results were obtained with both the SS and 
desoxycholate citrate agars used. In the present study, of 51 isolations of 
types other than S. pullorum , 36 were isolated on both media, nine from SS 
agar only, and six from bismuth sulphite agar only. When organisms of the 
same group were found on both media it was assumed they were of the same 
type. 

Of the 17 strains of S. pullorum isolated, 12 were checked for the ‘X* variant 
(2, 19) by means of partially absorbed sera. Three were classed as the 
variant, five as intermediates, and four as the normal strain. 

Estimates of the most probable number of Salmonella present were made on 
54 lots. During most of the period, estimates were made only on samples in 
which three or four of the quadruplicate lots were positive. Of the 54 samples 
checked, in all but four the M.P.N. was less than one per gram. In four 
samples the M.P.N. was 1.3, 2, 3, and 9.4 per gram. 

During June and July, samples from 12 carlots of dried sugar-egg powder 
from Plant F, six from Plant A, and three from Plant B were examined. 
S. pullorum was isolated from one lot from Plant A . No other Salmonella 
types were encountered in this product. 

Source of Salmonella Infection 

There is a growing literature to support the suggestion made previously (6) 
that in hens’ eggs the Salmonella organisms, other than S . pullorum , come 
from fecal contamination on the shells, as has been noted by many authors 
with other types of fowl. Watt (17) isolated S. montevideo from the meats of 
eggs responsible for an outbreak, and in an examination of over 5000 hen 
eggs recovered 5. cholerasuis and S . derby from a few. He apparently did not 
find Salmonella on the shells. Although the evidence was not very definite, 
the outbreak reported by Crowe (5) was probably due to infected meats. 
On the other hand, it has been shown that the shells of eggs laid by hens 
carrying Salmonella organisms are at times contaminated with these organisms 
(8). Gordon and Buxton (10) also indicate that in an outbreak in a hatchery 
the organisms were probably carried by fecal contamination. Chase and 
Wright (4) failed to isolate any Salmonella types, other than S . pullorum , 
from the meats of 2000 and the exterior of 400 eggs. A recent contribution 
(16) gives ample evidence that more dirty eggs carry Salmonella organisms 
than do clean eggs. Our attempts to trace the source of these organisms are 
reported below. 

From November, 1944, to August, 1946, eggs were received from six points 
across Canada at monthly intervals for another study (13). Five dozen each 
of Grades A large, A medium, A pullet, B , and C were received each time 
and broken out for drying. The shells of each lot were collected in sterile 
beakers, packed loosely, and covered with tetrathionate broth. In all, the 
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shells of 195 lots or 975 dozen eggs were examined. Samples (approximately 
100 ml.) of the broken out egg were also examined. S. pullorum was isolated 
from two samples of melange and one lot of shell. No other Salmonella 
organisms were encountered. 

In addition, the shells and contents of some 48 dozen other eggs of various 
grades have been examined with negative results. This represents a total of 
12,276 eggs from various parts of Canada. However, this is a very small 
sample when it is considered that between 120,000 and 180,000 dozen eggs go 
into one carlot of powder. 

In an infected flock one might expect different results. When a number of 
chicks from a Saskatchewan hatchery were found to be infected with S. 
bareilly , the eggs from which the chicks were hatched were traced back to 
two farms, and in May, 1945, a dozen eggs from each flock was obtained. 
Both shells and egg meats were examined by a technique already described 
(9). The untreated egg is placed between ring clamps, which are kept painted 
with tincture of iodine, and the meat is removed as previously indicated. 
The shell is then broken up using two pairs of flamed forceps and put into 
tetrathionate broth. The small amounts of iodine carried over are neutra¬ 
lized by the excess thiosulphate in the broth. S. bareilly was isolated from 
the shells of two of the eggs from one farm ( L ) and of six of the eggs from the 
other ( M). No organisms were found in the meats. In August six dozen eggs 
were obtained from each of these farms. All from one lot (L) were negative, 
but S. newington was found in the meats of two eggs from the other farm ( M ). 
No Salmonella organisms were recovered from the shells of these eggs. 

In Plant I in May, 1946, the shell and contents bf 40 dirty eggs were 
examined as well as swabs of the shells of 89 dirty eggs. No Salmonella was 
obtained. Samples of melange, shell drip, etc., were taken at various times 
but only one isolation was made; 5. pullorum was found on an emulsifier 
screen. Three samples collected on one day in July from the by-pass to the 
high pressure pump and one from the holding vat were positive for S . oranien- 
burg . 

At Plant H , 52 dirty eggs were examined, with negative results. Five lots 
of shells from at least three dozen eggs each were collected at the breaking 
tables and cultured but no Salmonella was found. However, Salmonella 
types (5. bareilly , 5. oranienburg , and S. thompson) were recovered in 7 out of 
12 samples of the albumen draining from the barrels of egg shells. During 
the same period, isolations were made from 4 of 20 samples of melange taken 
at various points in the plant (S. potsdam , 5. 5. thompson ). It cannot 

be said whether these organisms came from the inside or outside of the eggs, 
although the greater incidence in the shell drippings would point to the latter. 

It would seem therefore that where flocks are known to be carriers or if 
large enough samples of commercial eggs are examined, Salmonella organisms 
may be recovered from the eggs. The evidence presented is still insufficient 
to say that it is due solely to fecal contamination. 
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QUANTITATIVE STUDY OF THE HILSCH HEAT SEPARATOR 1 

By A. F. Johnson 2 

Abstract 

The ‘heat separator* is a very simple device for attaining a temperature drop 
of the order of 30 centigrade degrees by means of a stream of air. An air jet 
enters a long cylindrical chamber near one end, and is directed so as to maintain 
a high velocity vortex. Air drawn off from the centre of the vortex is cooled, 
while the remainder, flowing down the length of the chamber, is warmed. The 
present paper describes results of a quantitative study of the performance of 
the device. Although the maximum efficiency is only about 15%, as compared 
with an ideal adiabatic expansion of the total flow, it provides a practical means 
of cooling for many purposes. 

Introduction 

The apparatus described in this paper as a ‘heat separator’ is a simple 
device for producing cold by the separation of a high velocity gas vortex into 
cold and warm streams. Compressed air enters a long cylindrical chamber 
through a tangential nozzle near one end. If that end of the cylinder is 
closed by a diaphragm that permits the escape of the gas only from the central 
region, while the other end is throttled, the gas escaping through the central 
diaphragm is cooled, while the gas escaping through the other end is warmed. 
With our apparatus, temperature differences in excess of 40 centigrade degrees 
have been obtained between the inlet and the cooled gas stream. 

The device was introduced to this continent by R. M. Milton, who 
described it informally at a meeting of the American Chemical Society in 
April 1946 (2). He had obtained it from Hilsch’s laboratory in Erlangen. 
No data on its performance were available, and, since it seemed probable 
that it would have useful applications, the present quantitative study was 
undertaken. Since the submission of the present paper, a paper by Hilsch (1) 
has appeared. The results of the present investigation are in substantial 
agreement with those reported by Hilsch and are given below in summary 
only. 

The apparatus (Fig. 1) consists of a cylindrical block, B, of lucite containing 
a central cylindrical chamber, C. Air under pressure enters this chamber 
tangentially through the fine orifice, A (0.047 in. in diameter). The entering 
stream is guided into a spiral flow, with a high angular velocity, by a C-shaped 
eccentric ring, which is shown at J5, and at xy in the cross section, 

The chamber is extended to the right by means of a German silver tube, Tu 
whose internal radius is equal to that of the eccentric at y. On the left is a 
small orifice, 0, on the axis of the chamber leading to another tube, TV The 
fitting F% projects into the chamber so that the opening of the orifice 0 is in 
the plane of the near side of the eccentric. 

1 Manuscript received in original form December 27 , 1946 , and as revised , June 20 , 1947 . 

Contribution from the Department of Physics , University of Toronto , Toronto , Ont . 

* Research student in Physics . 
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SECTION H' 

Fig. 1. Cross section of heat separator. 

Gas is supplied at pressures from 30 to 200 p.s.i. (gauge), and escapes into 
the vortex chamber with a high tangential velocity. That portion of the 
gas that escapes through the small orifice (that is, from the centre of the 
vortex) is cooled, and that which escapes through the other end is warmed. 
The corresponding tubes will be referred to as the cold and warm ends respec¬ 
tively. The valve on the warm end is approximately 20 in. from the centre 
of the block, and controls the ratio of the flows through the two ends. 

Measurements 

The dimensions of the apparatus used for these measurements are approxi¬ 
mately the same as those of the smallest size described by Hilsch. The 
temperatures of the two gas streams were measured by thermocouples at the 
following points: soldered to the warm tube near the valve; inserted into the 
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cold end so that the junction was close to the outer end of the orifice. The 
other junctions of both thermocouples were soldered to the inlet pipe near the 
block, B . These thermocouples could be read to a precision of 0.3° to 0.1° C. 
depending on the series resistance used. 

In order to test the assumption, upon which Hilsch (1) has expressed doubt, 
that thermocouples so placed measure the temperatures of the gas streams, 
the enthalpy was calculated in selected cases. For example, with an input 
pressure of 90 p.s.i., input temperature of 17.2° C., and flow ratio (warm 
end flow to cold end flow) of 5.12, the warm and cold outlet temperatures 
were 23.3° C. and —19.8° C. respectively. With these data, the sum of the 
enthalpies of the exit streams agrees with that of the input within one per cent. 

In order to determine the optimum working conditions, three variables 
were studied: input pressure, ratio of flows, and diameter of the orifice, 0. 

Using an orifice of 0.064 in. diameter, a series of measurements was made 
varying input pressure and flow ratio. These are in general agreement with 
graphs given by Hilsch. The maximum temperature drop observed was 
42.8 centigrade degrees with input pressure, 200 p.s.i. and flow ratio, 4.3. 
However, this maximum temperature drop is obtained at the expense of a 
very low efficiency. 

It is more significant to consider (i) the product of the temperature drop 
and the fraction of flow out the cold end, described below as ‘useful cooling’; 
(ii) the ratio of the useful. cooling to the theoretical adiabatic temperature 
drop at the same input pressure. The latter gives an indication of the 
efficiency as compared with an ideal expansion engine. The maximum useful 
cooling with this orifice was 10.6 centigrade degrees and the maximum 
efficiency was .071. 

The graphs published by Hilsch indicate that the temperature drop at the 
cold end disappeared when the warm end flow was reduced to zero. In the 
author’s experiments a cooling of 5.5 degrees was found when the warm end 
was closed, with an input pressure of 100 p.s.i. It is of interest that this 
cooling is definitely greater than that which the Joule-Thomson effect alone 
would produce, which for the above conditions is calculated to be 1.7 degrees. 

Results of varying the diameter of the orifice, 0, are also in general agree¬ 
ment with those of Hilsch. An orifice of 0.107 in. diameter was found to be 
the optimum in respect to both temperature drop and efficiency. This gave 
an optimum working condition at 100 p.s.i. as follows: flow ratio, 0.38; 
temperature drop, 24.8 degrees; useful cooling, 18.0 degrees; and efficiency, 
0.14. 

Samples of air taken from the two ends were analysed and the results gave 
no indication of any separation of the air into its components in passing 
through the heat separator. 

A few measurements were made with carbon dioxide and hydrogen in place 
of air. For these gases a cold end orifice of 0.094 in. diameter was used, and 
the input pressure was kept constant at 100 p.s.i. These measurements are 
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summarized in the table below. The setting of the warm end valve was such 
as to give a flow ratio with air of 0.61. It was not possible to measure directly, 
with the rotameters available, the flow ratio for hydrogen. The figures for 
useful cooling and efficiency in this case are based on the assumption that 
the flow ratio is the same as that for air. The total flow through the apparatus 
is given in litres per minute at 1 atm. and 21° C. In the last column the 
product, Q r , of the mass flow per minute through the cold end, the specific 
heat, and the temperature drop is given for each case. This product is a 
measure in calories per minute of the heat removed from the gas flowing out 
the cold end. 



Temperature 

drop, 

centigrade 

degrees 

Useful 

cooling, 

centigrade 

degrees 

Efficiency 

Total flow, 
litres/min. 

Q r calories 
per minute 

Air 

19.5 

12.1 

.093 

95 

352 

CO, 

19.8 

12.3 

.095 

67 

329 

H, 

15.9 

9.9 

.076 

430 

1320 


Possible Uses 

It seems unlikely that the heat separator will replace any of the standard 
methods of refrigeration or gas liquefaction. It is less efficient than an 
expansion engine for liquefiers of the Claude type. Although it is more 
efficient than the Joule-Thomson effect for a liquefier of the Hampson type, 
the problem of removing the warm end flow without affecting the performance 
of the heat exchangers may make it impracticable. However, it is a simple 
and inexpensive device and can be a useful refrigerating agent for laboratory 
and other purposes where compressed air supplies are available and where 
more elaborate refrigeration machinery might not be economical. 
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THE DYEING OF NATURAL COTTON WITH DIRECT DYES: A 
DETERMINATION OF THE HEAT OF DYEING 1 

By R. P. Graham 2 and H. J. Fromm 8 
Abstract 

The equilibrium sorption of a purified direct dye on natural cotton yarn has 
been determined over a range of dye-bath concentrations (20 to 175 mgm. of 
dye per litre of solution) and temperatures (75° to 90° C.). The liquor-to-yarn 
ratio in the dye bath, which contained sodium chloride (4.00 gm. per litre), was 
sufficiently high to permit the concentration of dye in solution to remain essenti¬ 
ally constant throughout a dyeing experiment. The dye was removed from 
the skeins using a pyridine-ethanol-water solution, and the concentration of dye 
in the latter determined spectrophotometrically. 

Differential heats of dyeing may be calculated from the results obtained. For 
an equilibrium sorption of 475 mgm. of Calcodur Blue 4GL per 100 gm. of 
natural cotton yarn, the value of 15 kgm-cal. per mole was found, and it is 
shown that the differential heat of dyeing increases as the value of the equili¬ 
brium sorption decreases. The results are interpreted in the light of the modern 
view of the structure of cellulose. 

Introduction 

In a relatively recent publication from this laboratory (7) reporting a study 
of the dyeing of natural cotton with direct dyes, reference was made to review 
papers dealing with the dyeing of cellulose with direct dyes and to other 
recent papers concerned with this subject, and, in particular, the interaction 
of direct dyes and cotton. Since this earlier paper was written, a number of 
significant contributions to our knowledge of the direct dyeing of cellulosic 
materials have appeared. Of these there may be mentioned the discussion 
of the physical chemistry of dyeing by Valko (28, pp. 594-619), the paper by 
Standing, Warwicker, and Willis (25) in which the direct dyeing process is 
assumed to be essentially one of diffusion in the cellulose and in which a 
diffusion-adsorption equation is developed and its validity tested by applying 
it to experimental data published by Neale and his collaborators; the paper 
by Morton (12) in which a molecular theory of the dyeing of cellulose with 
substantive dyes is presented; and that by Lemin, Vickers, and Vickerstaff 

1 Manuscript received June 27, 1947 . 

Contribution from the Department of Chemistry, Me Master University, Hamilton , Ont. 
This paper was presented before the Division of Textile Chemistry at the Canadian Chemical 
Conference at Banff, Alta., on June 10, 1947 . 

2 Assistant Professor of Chemistry . 

2 Formerly Graduate Student and holder of a National Research Council Bursary . Present 
address: Shell uU Company of Canada, Ltd., Toronto, Ont . 
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(9) (a paper that gave rise to published discussion (1, 29)) in which the 
results of a study of the rate of dyeing of numerous direct dyes, including 
binary combinations, on cotton are presented as well as other studies leading 
to a proposed classification of direct dyes from the point of view of practical 
application. The report of the committee appointed in 1944 by the Council 
of the Society of Dyers and Colourists to discuss the dyeing properties of 
direct cotton dyes was published some months ago (5). Other recent papers 
concerned with the interaction of direct dyes and cellulose are those by Rose 
(22), Neale (14), Brass and Schreier (3), and Walchli (30). 

Direct cotton dyes have been known for over sixty years (31), but our 
understanding of their action is still very inadequate. In the last IS years an 
appreciable number of careful studies of the dyeing of ccllulosic materials by 
direct dyes have been carried out, but to date very little attention appears to 
have been given to the energetics of the process. The authors are aware of 
only two published determinations of the heat of dyeing of direct dyes on 
cellulose (11, p. 274; 32); both of these determinations were made using 
viscose sheet. In the present investigation a number of isotherms for the 
sorption of a purified blue direct dye on natural cotton yarn were determined.* 
From these data, values for the heat of dyeing have been calculated and 
an attempt has been made to interpret their variation with the extent of 
equilibrium sorption. 

Materials and Methods 

Cotton 

Natural cotton yarn from the same batch as that used in an earlier study 
(7) was the sorbent; the yarn was 1/4’s count wound in 14 oz. packages on 
Franklin springs. 

The cotton was wound by hand into small skeins (weighing slightly more 
than 0.2 gm.) and then dried, weighed, etc., by the procedure described 
before (7) to give a skein weighing, in the present study, 0.2000 ± 0.0005 gm. 
on a dry basis. Before being dyed, the weighed dry skein was allowed to 
stand in air for some hours. 

Dyestuff 

The trisazo direct dye Calcodur Blue 4GL (Colour Index 533), after purifi¬ 
cation, was used throughout the present study. The method of purification, 
based on that recommended by Rose (21), was a slight modification of that 
used in the earlier study (7). The essential differences were that the 
precipitate produced by the interaction of the dye with di- 0 -tolylguanidine 
was washed with a very dilute solution of di-0-tolylguanidine hydrochloride 
rather than with distilled water (to decrease the tendency of the precipitate 
toward peptization); that the regenerated dye was washed with isopropanol 
(99%) rather than with methanol; and that before use the ground dye was 
dried for 24 hr. in vacuo at 110° C. over phosphorus pentoxide—this procedure 
served to remove residual di-0-tolylguanidine from the dyestuff. 
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Dyeing Apparatus 

The dye pots consisted of short-necked round-bottomed Pyrex boiling 
flasks of three litres’ capacity to which were attached, by means of a rubber 
stopper, water-cooled condensers. The cotton yarn to be dyed was attached 
to a Pyrex glass skein holder (loosely, by means of platinum wires), which 
also served as a stirrer. The glass shaft of the stirrer passed up through the 
condenser and was given an up-and-down motion (two cycles per second) by 
an electromagnetic device similar in principle to the one described by Tulk 
and Seagers (26) but with the following modification, which resulted in more 
uniform operation: the pendulum was removed and there was substituted a 
wooden wheel (driven by a constant speed induction motor) carrying a semi¬ 
circular-phosphor bronze strip. Two fixed phosphor bronze brushes, which 
were in series with the electromagnetic stirring motors, pressed on this strip; 
thus, as the wheel revolved, the circuit was alternately closed and opened in 
very regular cycles. 

The dye pots were immersed in a constant temperature bath constructed 
so as to permit a temperature control of ± 0.1° C. in the range 70° to 97° C. 
Temperatures reported in this paper are corrected for exposed stem, and were 
determined using a thermometer that had been compared with one newly cali¬ 
brated in the Division of Physics of the National Research Council of Canada. 

Dyeing Procedure 

In all dyeing experiments reported in this paper, 0.2000 ± 0.0005 gm. 
(dry weight) of natural cotton yarn was dyed using 2900 ml. of dye-bath 
solution containing 4.00 gm. per litre of sodium chloride (analyzed grade); 
the liquor-to-yarn ratio was thus 14,500 : 1. The dye bath contained dye 
at a concentration ranging from 20 to 176 mgm. per litre (2.3 X 10“ 6 to 
2.0 X 10~ 4 M). These conditions, which are of course far removed from 
those used in commercial dyeing, permitted equilibrium dyeing to be attained 
at the temperatures employed in a reasonable length of time (12 to 48 hr.) 
without any significant change occurring in the concentration of dye in the 
dye bath (in all experiments, the exhaustion at equilibrium was less than 
1 . 1 %). 

The dye solution was placed in a dye pot, which, with condenser attached, 
was preheated over a burner and then was immersed in the thermostat for a 
period of one hour (to permit thermal equilibrium to be established) before 
the cotton skein and stirrer were inserted and the dyeing experiment begun. 
Dyeing was allowed to proceed, under constant temperature conditions, for 
an appropriate length of tim'e (which, in all experiments except those concerned 
with rate of dyeing, was until equilibrium sorption had been attained) and 
then the skein was removed from the dyeing apparatus; it was squeezed 
dry, rinsed twice in 0.4% sodium chloride solution, again squeezed dry by 
hand, and then placed in the stripping apparatus {vide infra) for removal of 
the dye. Each rinsing solution consisted of 100 ml. of the sodium chloride 
solution. No color could be detected visually after rinsing. Because a 
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concentration of this dye as low as 0.05 mgm. per litre can be detected visually, 
there was less than 0.01 mgm. of dye removed in the rinsing operation (which 
was designed to eliminate entrained dye liquor). On the other hand, analysis 
showed the 0.2 gm. cotton skeins to contain from 0.39 to 1.00 mgm. of dye. 

The used dye-bath solution was filtered through a fritted glass disk in order 
to ascertain whether any appreciable amount of cotton had become separated 
from the skein. If such was the case, the run was discarded; this occurred in 
about 5% of the experiments. 

Analytical Procedures 

A number of workers (e.g., 2, 3, 9, 15) have used pyridine (usually 15 to 
25% aqueous) to remove direct dyes from cellulosic material prior to colori¬ 
metric determination; this stripping technique was developed from some 



Fig. 1. Apparatus for removing dyestuff from the dyed skein . 

observations made by Ratelade and Chetvergov (19). Investigations in this 
laboratory have shown that, at least in the cases of Calcodur Blue 4GL, a 
solution consisting (by volume) of 25% pyridine (reagent grade), 10% 
ethanol (95%), and 65% distilled water permitted a significantly faster rate 
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of dye stripping (at room temperature) than did a 25% pyridine in water 
solution and, moreover, spectrophotometric tests showed the dye was more 
stable in the pyridine-ethanol-water solution than in one without alcohol. 

The dyed skeins were stripped using the apparatus shown in Fig. 1. The 
dyed cotton skein was attached (loosely, by means of platinum wires) to the 
stirrer in the upper chamber. After closing the plunger-operated ground- 
glass joint at C, sufficient stripping solution was introduced through the side 
arm at A to cover the cotton skein, and the stirrer carrying the latter was 
rotated by an electric stirring motor (not shown). At the end of one hour, 
the solution was drained from the skein by opening the joint at C and allowing 
the solution to drain through chamber B into a 250 ml. volumetric flask (not 
shown) connected to B by a ground glass connection. Fresh stripping solution 
was introduced, stripping allowed to continue for a further period of six hours, 
the solution drained again, and a third stripping action allowed to continue for 
16 hr., or overnight. 'File cotton was then rinsed with the stripping solution 
and the liquid in the volumetric flask made up to volume with the stripping 
solution. All stripping operations were carried out at room temperature. 

A portion of the dye solution from the volumetric flask was placed in a 
cuvette and the transmittance of the solution measured, at 600 mju, using a 
Coleman Model 11 Universal Spectrophotometer fitted with the ‘PC-4' filter. 
Matched rectangular cuvettes, with a path length of 10 mm. were employed; 
the reference cuvette contained pure stripping solution. From the measured 
transmittance, the amount of dye originally on the fibre could be calculated, 



Fig. 2. Calibration curve (two separate determinations) for the colorimetric determination 
of dye using the spectrophotometer at a wave length setting of 600 nifi. 

making use of a calibration curve (Fig. 2) constructed from data obtained 
using solutions of known concentration of dye dissolved in the pyridine- 
ethanol-water stripping medium. 
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Experimental Results 

Rate of Dyeing 

A number of rate of dyeing experiments were carried out in order to ascertain 
the time required to reach equilibrium sorption under the conditions being 
used to obtain the sorption isothermal data reported below. Examples of the 
type of rate curves obtained are shown in Fig. 3. This and other related data, 



Fig. 3. Typical rate of sorption curves. Both are for dyeings at 90 n C.; the concentration 
of dye in the hath in Carve A was 200 mgm. per litre of solution , and in Curve B it was 100 
mgm. per litre. 

together with the knowledge that the time required to leach equilibrium 
decreases (at constant temperature) as the concentration of dye in the dye 
bath decreases, and decreases (at constant dye-bath concentration) as the 
temperature increases (7), permitted the choice, in the sorption experiments 
hereinafter described, of dyeing times sufficiently long to have ensured the 
establishment of equilibrium conditions. 

Sorption Isotherms 

Three sorption isotherms, at the temperatures 74.4°, 82.4°, and 89.3° C. 
were determined using the techniques described above. One of these isotherms 
is shown in Fig. 4, and all three are shown on a log-log plot in Fig. 5. Since 
the extent of the exhaustion of the dye bath is negligible (less than 1.1% in all 
cases) the abscissa is the logarithm of either the initial or the equilibrium dye 
concentration. The experimental data used to construct these curves arc 
given in Table I. 

Heat of Sorption (or Dyeing ) 

If we consider the reaction illustrated by the equation: cellulose - dye 
sorption complex = cellulose + dye (in solution), and note that the sorbed 
dye represents a condensed phase of the dye, we may with some justification 
apply to the system the equation: 

d 1 nC _ A lid d In C _ Alla 

dT ' RT 2 or d(l/T) ~ R 

where T , the temperature, is in degrees absolute, C is the equilibrium concen¬ 
tration of d;.e in solution, A H d is the heat absorbed in the transition from one 
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phase to another (in this case, desorption) in calories per mole of dye if R, 
the gas constant, is expressed in calories per mole. 

If, then, AHd may be assumed to be independent of temperature (and such 
may be expected over a small temperature range) a plot of logioC (for a fixed 




value of sorption) against 1 /T should yield a straight line, the slope of which 

is — 2 ' Such P* ots > f° r various values of the sorption, are shown in 

Fig. 6, which was constructed from data obtained using Fig. 5. The slopes 
of the lines are negative, which means that A H d is positive (or heat is absorbed) 
in the desorption reaction; the sorption reaction is exothermic. 
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The values for the heats of sorption (or dyeing) calculated by this method 
are given in Table II. The heat of dyeing is — A//«, which is equal to AH* 


TABLE I 

Equilibrium sokpiion as a function of tfmpkraiure and 

CONCENTRATION OF DYE IN I HE DYE BATH 


Tempera! ure of 
tiding, ° (\ 

Concentration 
of dye in the bath, 
nigtn./ litre 

Dye sorbed on 
the cotton, 
mgm./lOO gm. 


27.8 

195 


43 6 

235 


66.0 

290 


90.0 

335 

89.3 

116.6 

375 


127.9 

400 


141.2 

435 


162 3 

460 


165 5 

430 


176 6 

465 


25.3 

260 


36.1 

305 

82.4 

49.8 

340 


70 8 | 

390 


125 4 

480 


20 5 

300 


26.2 

330 


33.2 

380 

74 4 

45.2 

410 


49.0 

400 


61.1 

445 


73 3 

475 


83.6 

495 


90.6 

500 

67.4 

25.2 

380 


25.3 

385 


TABLE II 

Heat of dyeing at various values of 

EQUILIBRIUM SORPTION 


Sorption, 

mgm. dye per 100 gm. 
cotton 

Heat of dyeing (— A//,), 
kgm-cai. per mole of 
dye sorbed 

473 

15.2 

422 

17.1 

383 

18.8 

355 

20.3 

316 

22.4 
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Effect of Temperature on Sorption 

The data of Table I, and the graphs drawn in Fig. 5 using these data, 
permit the drawing of some curves illustrating the relation between the 



Fig. 6. ‘ Isosteric * plot relating the equilibrium concentration of dye in the bath to the 

temperature , at constant values of the equilibrium sorption. The sorption values , in m^m. 
of dye per 100 gm. of yarn, are: Curve A, 473; Curve B, 422; Curve C, 383; Curve D, 355; 
Curve K, 316. 

amount of dye sorbed at equilibrium and the temperature of dyeing, under 
conditions of constant concentration of dye and sodium chloride in the dye 
bath. These curves are shown in Fig. 7. 

Discussion 

The rate of dyeing curves (Fig. 3) are of the type to be expected, and it is 
not surprising that the sorption isotherms (data of Table I) may be fitted by 
a Freundlich type equation, as is evidenced by the linearity of the log-log 
plot in Fig. 5. (The data will not, incidentally, fit the Langmuir sorption 
isotherm equation.) It may be noted that the forms of the rate of sorption 
curves and of the sorption isotherms obtained in the present experiments 
where the exhaustion of the dye bath at equilibrium varied from 0.2 to 1.1% 
are the same as those obtained in earlier work (7) using the same dye and 
sorbent, but under conditions such that the dye-bath exhaustion was over 90%. 




312 


CANADIAN JOURNAL OF RESEARCH. VOL. 25, SEC. F. 


It should be pointed out that the lines in Fig. 5 are not parallel; the slopes 
vary from 0.32 at a temperature of 74.4° C. to 0.47 at 89.3° C. The value 
of the equilibrium sorption always increases with increasing residual dye- 
bath concentration, but the degree of increase decreases as the temperature 



Fig. 7. * Isobaric ’ plot relating the equilibrium sorption of dye to the temperature , at 
constant values for the equilibrium concentration of dye in the bath. The dye-bath concentra¬ 
tions , in mgm. of dye per litre of solution , are: Curve A, 25.2; Curve B, 50.1; Curve C, 
100 . 0 . 

decreases. This same effect can be .seen in the data of Willis el al. (32) for 
the sorption of Chrysophenine G on viscose sheet in the plot of the isotherms 
they obtained under conditions, as in the present work, of a fixed concentra¬ 
tion of sodium chloride. 

It will be noted that the best line drawn through the points in Fig. 6 would 
show a very slight curvature, rather than being linear as drawn. The slight 
curvature (if real) may be due to a possible change in the structure of the 
cotton with changing temperature. It has been pointed out (24) that this 
consideration requires that care be exercised in deducing the heat of dyeing 
from the temperature coefficient of the equilibrium sorption. It should also 
be borne in mind in work of the present type that the sorption values recorded 
include the mass of any dye that may be present in entrained dye liquor. 

The heat of sorption or heat of dyeing values determined by the method 
yielding the values recorded in Table II are differential heats of sorption 
(4, p. 26; 10, p. 400), and it is evident that the values increase significantly 
as the extent of equilibrium sorption decreases. A consideration of the 
structure of cellulose is helpful in seeking an interpretation of this phenomenon. 
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It is generally considered that cellulose fibres are composed of crystallites in 
which the cellulose chains are closely packed together with amorphous inter- 
crystalline regions where the packing of the chains is less regular and their 
orientation is irregular (17; 23, pp. 203-252; 24). ‘Amorphous* is not used 
here in the sense of a complete lack of geometrical order, but rather to indicate 
matter that causes a general fogging in the X-ray diagram rather than giving 
rise to definite diffraction lines. Experiments have indicated that when 
water molecules are sorbed by cellulose they are able to penetrate the inter¬ 
crystalline or intermicellar regions, but they are not able to penetrate the 
crystallites (24; 27, pp. 412-414; 28, pp. 595-596); there is direct evidence 
that in the sorption of direct dyes by cellulose, the dyes, likewise, do not 
enter the crystallized regions (28, p. 612). It is to be expected that because 
cellulose is not homogeneous, its sorption affinity for a particular dye will not 
be uniform over all the surface with which the dye may come into contact. 
It is reasonable to suppose that the heats of sorption associated with the 
different portions of the surface will vary, and, moreover, that the most active 
(in the sense of sorption affinity for the d>e) portions of the surface will be the 
first to be covered with dye.* This interpretation accounts, qualitatively, 
for the results found in this work, i.e., that the higher values of the heat of 
dyeing (or sorption) are associated with the lower values of the equilibrium 
sorption. (There may also occur multilayer dye sorption where the energy 
released in the sorbate-sorbate interactions is less than that released, in the 
earlier stages of sorption, due to sorbatc-sorbent interactions.) A variation 
of the heat of sorption with the amount of sorption is commonly encountered 
in the study of the sorption of gases and vapors on solids (4, pp. 215-229, 
246-253; 10, pp. 405-422). In such systems, ordinarily (although not always 
(4, pp. 251-262; 8) ) the differential heats of sorption decrease with increasing 
amounts of gas sorbed (4, pp. 26, 247); this variation in the heat of sorption 
is generally attributed to interactions between sorbed particles, or to non¬ 
uniformity of the surface of the sorbent as a result of the surface atoms being 
separated by varying distances or arranged in differing geometrical con¬ 
figurations (which lead to different interaction energies with the same sorbate 
molecule) or to the presence of crevices, pockets, etc., in which the heats of 
sorption are different from those on a plane surface (4, pp. 261-262). 

Calculations using the data of Willis et al. (32), who studied the sorption of 
a direct dye on viscose sheet, show that the heat of dyeing decreased with 
decreasing concentration of sodium chloride in the dye bath (for a given value 
of the equilibrium sorption), and, as was found in the present work, that the 
heat of dyeing decreased with increasing values of the equilibrium sorption 
(for a constant value of the sodium chloride concentration). Using Chryso- 
phenine G (Colour Index 365), Willis et al . (32) found values of the heat of 
dyeing varying from 9.3 to 15.9 kgm-cal. per mole. Meyer has calculated 

* In this connection it is interesting to note that in stripping experiments it was found that 
most of the dye was removed in two hours , hut that over 20 hr. was required to reduce the dye left in 
the skeins to a trace . Many additional hours of stripping action failed to remove the last trace of 
dye; this portion was evidently very strongly bonded to the cotton. 
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(11, p. 274), from data of Garvie, Griffiths, and Neale (6) a value of 5 kgm-cal. 
per mole for the heat of dyeing in the case of Chlorazol Fast Red K (Colour 
Index 278) on viscose sheet, but the present authors do not accept this value. 
We arc not satisfied that the data available permit a calculation of the heat of 
dyeing in this case. These and other workers have postulated that the 
sorption of direct dyes on cellulose is due to hydrogen bond formation, and 
have suggested that the values found for the heat of dyeing lend support to 
this view. The present authors do not feel that values for the heat of dyeing 
can, per se, be of much, if any, help in supporting the hydrogen bonding 
theory because of the complexity of the situation: one cannot consider that 
the average direct dye is necessarily bound to the cellulose by only one 
hydrogen bond,* and even if this were possible, the energy associated with the 
formation of a hydrogen bond is, according to Pauling (18, p. 333), in general 
from 4 to 8 kgm-cal. per mole depending upon the atoms bonded and on the 
substance in which the bonding occurs. The hydrogen bond is thus a 
relatively weak bond (18, p. 284; 20, p. 146). Valko has pointed out (28, 
pp. 606-607) that although hydrogen bonding may well be an important 
factor in accounting for the interaction between dye and fibre, there are other, 
types of forces to be considered. 

It has been stated (24) that the temperature coefficient of the equilibrium 
sorption depends (although to a small extent) on the dye, the cellulose, and the 
salt concentration. In studying the sorption of direct dyes on viscose, Neale 
found that the equilibrium sorption is roughly halved by a rise in temperature 
of 20° C. (16) or (a later figure) 30° C. (13). In the present work it was found 
(Fig. 7) that at a constant dye concentration of 25 mgm. per litre the equili¬ 
brium sorption of Calcodur Blue 4GL on natural cotton yarn was approxi¬ 
mately halved by a rise in temperature of 20° (\, from 70° C. to 90° C., but 
that as the equilibrium dye concentration in the bath increases (at a fixed 
salt concentration) a greater temperature range is required in order to effect 
a halving of the equilibrium sorption. The temperature coefficient of the 
equilibrium sorption thus depends on the equilibrium concentration of dye in 
the bath, which statement is, of course, deducible from the finding that the 
value of the differential heat of sorption depends on the extent of the equili¬ 
brium sorption. 
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THE OCCURRENCE AND DISTRIBUTION OF SALMONELLA 

TYPES IN FOWL 

II. STUDIES OF ARTIFICIAL S. BAREILLY AND S. ORANIENBURG 
INFECTIONS IN HENS 1 

By F. E. Chase 2 


Abstract 

Experimental studies carried out on a limited number of hens infected orally 
with S. bareilly indicated that occasionally such hens may lay contaminated eggs. 
Using the estimated numbers of S. bareilly in the feces as the criterion of infec¬ 
tion, considerable variation in susceptibility was evident, the carrier period 
ranging from 5 to 40 da>s. The organisms were recovered from the intestinal 
tract and in one instance from the spleen. The apparent development of 
resistance to repeated oral inoculation was demonstrated. Experiments of a 
similar nature were made with hens infected orally with 5. oranienburg. No 
contaminated eggs w ? erc found, though in this case low egg production resulting 
from some of the hens moulting reduces the significance of this finding. Fecal 
counts were lower than those obtained from the S. bareilly infected hens. S. 
bonariensis was isolated from the feces of two hens during this experiment. 


Introduction 

The isolation of Salmonella types from Canadian dried egg powder by 
Gibbons and Moore (6) has served to stimulate interest in the probable source 
of these contaminants. There is ample evidence in the literature to show that 
chickens and hens may act as host to many Salmonella types in addition to 
the long recognized S. pnllorum (0, 10), and in the case of closely related fowl, 
such as ducks, pigeons, and turkeys, that contaminated eggs may be produced 
by birds naturally infected with Salmonella organisms (3, 8).* It has also 
been demonstrated by Shalm (11) that the contents of hens’ eggs may become 
contaminated with Salmonella as a result of smearing the unbroken shells 
with contaminated feces. 

However, the expected isolation of Salmonella types, other than S. pullorum 
from hens’ eggs, has been slow in appearing (2),** but it has been reported 
recently by Watt (12) in his account of a food poisoning outbreak that occurred 
on board ship and that was traced to the presence of S. montevideo in the 
contents of hens’ eggs. Watt also described the isolation of two additional 
types, S. cholerae suis and S. derby , from hens’ eggs. Later Gibbons (5) 
succeeded in isolating Salmonella types from eggs produced by two naturally 
infected flocks of hens. 

A study of hens artificially infected with S. bareilly has been reported by 
Gibbons and Moore (7). Of 37 eggs laid during the period the organism was 

1 Manuscript received April 12 , 1947. 

Contribution from the Department of Bacteriology , Ontario Agricultural College , Guelph , 
Ont.y with financial assistance from the National Research Council of Canada. 

* Assistant Professor of Bacteriology. 

* In Report of the London correspondent , J. Am. Med. Assoc. 99 :1274. 1932. 

** Editorial. Brit. Med. J. pp. 760-761. Dec. 9. 1944. 
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excreted, they found three with contaminated shells. Gauger and Greaves 
(4) have reported studies of a similar nature made with turkeys infected with 
5. typhimurium . 

This paper deals with bacteriological studies involving two groups of hens, 
one infected artificially with 5. bareilly and the other with S. oranienburg. 
Information was sought primarily on three questions: the extent to which 
hens infected by the oral route may lay contaminated eggs, how long they 
would continue to excrete the organisms in feces, and where the organisms 
tended to localize. 

Methods 

S. bareilly and S. oranienburg were the types selected for this study since, 
except for 5. pullorum , they were found in egg powder with the greatest 
frequency by Gibbons and Moore (6). The cultures were obtained from 
Dr. N. E. Gibbons and represented strains isolated from egg powder. In all 
cases inoculation into the crop was made orally by the introduction, with a 
pipette, of 1 ml. of a 24 hr. nutrient broth culture of the organism. 

The general plan of the experiments was the same for both organisms, being 
as follows: (a) bacteriological examination of shells and contents of all sound 
eggs obtained prior to and during the period of artificial infection; (6) study 
of duration of infection using four hens from which daily fecal samples were 
examined over a period of two to three months; ( c ) localization of organisms 
was studied using four or five hens that were inoculated and a bird sacrificed 
and organs examined bacteriologically at four or five day intervals; ( d ) effect 
of weekly inoculation was studied for a period of three to four months using 
one hen only. 

In all, 19 Barred Rocks were used in these studies, 9 in the S. bareilly series 
and 10 in the S. oranienburg inoculated group. Prior to inoculation these 
hens were kept under observation for a period of three weeks, during which 
time eggs and fecal samples were examined for the presence of Salmonella 
types; in addition agglutination tests were made with S. pullorum antigen 
and an ‘O’ antigen of S. bareilly or S. oranienburg. In all these tests, results 
were negative, hence it was assumed that the hens were free from Salmonella 
infection of Group C or D types. 

The number of birds under test at one time was limited to five. The first 
group of five hens was kept in individual cages, the floors of which were covered 
with clean paper each day. A large percentage of the eggs laid by this group 
was soiled with feces. This was done to obtain information on eggs produced 
under conditions of filth. The remaining hens were kept in individual cages 
with wire floors, the feces being collected on trays lined with paper that was 
changed daily. In the latter instance eggs free from gross fecal contamination 
were obtained. 

Fecal samples were examined within a few hours of being collected with the 
exception of those obtained on Sundays, which were refrigerated overnight. 
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The numbers of Salmonella organisms present in the feces were estimated by 
means of the “Most Probable Number” (MPN) technique (7). 

The eggs were collected daily and held at room temperature until examined, 
the holding period ranging from 0 to 20 days. The shells and contents of all eggs 
were examined for Salmonella organisms by methods previously described (2). 

A post-mortem examination was made on each hen, including a study of 
gross appearance, and cultural and serological examinations. Cultural studies 
consisted of inoculation of two enrichment media, Bacto-Tetrathionate Broth 
and Brilliant Green Bile 2%, from the following sources: liver, gall bladder, 
spleen, oviduct, ovaries, two or three of the largest ova, and the contents of 
the duodenum, upper intestine, lower intestine, and caeca. Following 
incubation the broth media were streaked on Bacto-SS Agar and colourless 
colonies checked as described above. 

Blood samples were collected when the hens were sacrificed and used in 
agglutination tests with ‘O’ antigens of the type with which the bird was 
inoculated. 

Results 

S. bareilly Experiments 

To determine the duration of experimental infection four hens were 
inoculated (inoculum contained 990,000,000 per ml.), and fecal samples 
examined daily for approximately two months. The results of studies made 
with this group are summarized in Table J. Though three hens seemed 
unaffected by the inoculation, bird A-1 became morbid on the second day, 
refusing food and squatting in a corner of the cage, but by the fifth day had 
apparently recovered. Bacteriological examination of the feces did not 
uncover any great difference in the S. bareilly counts between this hen and 
the other three, though it carried the organisms for a shorter period. In the 
hope of discovering the reason for the reaction, A-l was sacrificed on the 
14th day, but no explanation was forthcoming since she appeared normal 
and was free of S. bareilly according to the cultural methods used. The fact 
that serological tests on this hen were negative seems to argue against the 
possibility that tissue invasion had occurred. This was the only hen of the 
entire group of 19 to show signs of illness following inoculation. Of 54 eggs 
laid by this group of hens during the period S. bareilly was being excreted, 
two were found with contaminated shells. 

To gain information on the localization of S. bareilly in hens, a second group 
of four was inoculated (inoculum contained 940,000,000 per ml.), and a bird 
was sacrificed and a post-mortem examination made at intervals of approxi¬ 
mately five days. Table II indicates the results of this experiment. In the 
case of A-8, it is apparent that the infection did not become established, thus 
explaining the failure to isolate the organism on post-mortem. S. bareilly 
was isolated from the caeca of A-7 on the fifth day, from the caeca and lower 
intestine of A-6 on the 10th day, and from the spleen of A-9 on the 16th day. 
It is suggested that the presence of S. bareilly in the spleen of A-9 probably 
explains the higher titre shown by this hen in the agglutination test. 
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TABLE I 

Excretion of S. bareilly by hens following oral inoculation, together 

WITH RESULTS OF EGG AND POST-MORTEM STUDIES 



Hen 

Days since 
inoculation 

A-l 1 

A-2 

A-3 | 

A-4 

Feces, 

(MPN per gram) 

Egg 

Feces, Egg 

(MPN per gram) 

Feces, 

(MPN per gram) 

Egg 

Feces, 

(MPN per gram) 

Egg 

1 

0 

C 

0 D 

<1 

D 

0 


2 

0 


3 

0 


92 

D 

3 

0 


0 D 

5 


2 


4 

<1 


>160 D 

0 

C 

0 


5 

1 


<1 

2 


0 

D 

6 

0 


2 C 

<1 

C 

>160 


7 

92 


24 C 

<1 

C 

24 

D 

8 

35 


0 D 

0 


160 


9 

2 


<1 

0 


<1 

D 

10 

0 


0 D 

2 

C 

<1 

C 

11 

0 


> 160 

>160 

D 

0 

C 

12 

0 


>160 C 

>160 


92 

D 

13 

0 


0 C 

16.000 


170 

C 

14 

0 


<1 I) 

>16,000 

C 

0 


15 



3 D 

9200 


35 

C 

16 



3 D 

1600 


1 

D 

17 



0 D 

1 

C 

1 


18 



0 C 

>16,000 


<1 

DS 

19 



5 

3 

DS 

59 

C 

20 



0 I> 

<1 


0 

D 

21 



3 

54 

D 

0 


22 



0 C 

2 


0 


23 



0 

0 


0 


24 



0 D 

0 

D 

0 

U 

25 



o n 

0 


0 


26 



2 D 

>16,000 


0 

D 

27 



0 C 

92 

C 

0 


28 



0 

>160 

C 

0 

D 

29 



0 D 

2 


0 


30 



0 C 

0 


0 


31 



0 

0 


0 

C 

32 

* 


0 D 

0 


0 


33 



0 C 

>160 

C 

0 


34 



92 

0 

D 

0 


35 



0 C 

>160 


0 

D 

36 



0 

0 


0 


37 



0 D 

0 


0 


38 



0 

0 


0 


39 



0 D 

0 


0 

D 

40 



0 

>160 

C 

0 

D 




1 

2 


3 


Post-mortem 








Appearance 

Normal 


Normal 

Normal 


Normal 


5. bareilly 

Not recovered 

Not recovered 

i Not recovered 

Not recovered 

Serological 
tests using 
*0’ antigen 

1000* 


3100 

2100 


3210 



Note: C = Clean shell. 

D » Soiled shell. 

S = S. bareilly isolated from shell. 

1 « Feces negative to the 55th day, 10 dirty eggs also negative. 

2 =* Feces negative to the 63rd day, three clean and three dirty eggs also negative. 

3 =* Feces negative to the 58th day, four clean and eight dirty eggs also negative. 

* Serum dilutions of 1 :20 , 1 :40 t 1 :80, and 1 :160 . 
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TABLE II 


Localization of artificial S. bareilly infection in hens as shown by post-mortem 

STUDIES, TOGETHER WITH RESULTS OF FECAL AND EGG EXAMINATIONS 



Hen 

Days since 

A 6 

A 7 

A-8 

A-9 

inoculation 








Feces, Egg 

Feces, Egg 

Feces, 

Egg 

Feces, 

Egg 


(MPN per giam) 

(MPN per gram) 

(MPN per gram) 


(MPN per gram) 


1 

>160 C 

0 

>160 


>160 


2 

>160 

24 

0 


>160 


3 

>160 


54 


22 


4 

540 C 

5 

0 


1600 


5 

9200 

17 

11 


16,000 


6 

92,000 Cl 


0 

C 

54,000 

C 

7 

5400 


0 


9200 


8 

490 


0 


490 

C 

9 

32 C 


0 


5400 

C 

10 

1 160 


0 

C 

54 

C 

11 



0 

C 

0 

C 

12 



0 

C 

0 

C 

13 



0 

C 

0 

C 

14 



0 

C 

240 


IS 



0 

C 

2 


16 



0 

1 

C 

0 

C 

Post-mortem 







Appearance 

Perforated duodenum, 

Haemorrhage from 

Normal 


Normal 



ruptured ovum 

right kidney 





5. bareilly 

Isolated from caeca, 

Isolated from caeca 

Not recovered 

Isolated from spleen 


lower intestine 






Serological 







tests using 







‘O’ antigen 

1000* 

1000 

4000 

0 

4321 



Note: C — Clean shell. 

I — S. bareilly isolated from interior. 

1 = Feces negative to the 26th day, one clean egg also negative. 

* Serum dilutions of 1 : 20, 1 : 40, I : 80, and 1 :160. 

It will also be seen from Table II that of 12 eggs laid by the established 
carriers, A-6 and A-9, 5. bareilly was isolated from the contents of an egg laid 
by A-6. Since this egg was clean and was cultured the same day it was laid, 
there is little reason to suspect that the organism passed through the shell. 
On the other hand, the post-mortem examination, made four days after the 
egg was laid, revealed a perforated duodenum and the presence of several 
agglomerations of fecal material in the peritoneal cavity. This, together with 
the fact that Escherichia coli was found associated with S. bareilly in this egg, 
seems to indicate that the infection probably occurred through the infundi¬ 
bulum. 1 hough the circumstances described above suggest that the perfora¬ 
tion had occu* r**d several days previously, there was no indication of peritonitis 
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at the time of autopsy, and culture of the largest clump of fecal material failed 
to isolate any Salmonella. The fact that this hen at no time displayed any 
sign of illness is considered of interest since it suggests a high level of resistance. 

To determine the effect of repeated inoculations, A-S received one ml. of a 
24 hr. broth culture of S. bareilly at weekly intervals for 15 consecutive weeks. 
Results are shown in Table III. It will be seen that the greatest excretion of 

TABLE III 

Excretion of S. bareilly by a hen inoculated orally at weekly intervals, 
TOGETHER WITH RESULTS OF EGG AND POST-MORTEM STUDIES 


lien A-S 


Days since 
first 

inoculation 

Feces. Egg 

(MPN per gram) 

Days since 
first 

inoculation 

Fetes, Egg 

(MPN per gram) 

Days since 
first 

inoculation 

Feces, Egg 

(MPN per gram) 

1 

0 

D 

36 

0 


71 

0 

D 

2 

1 


37 

0 


72 

>160 

C 

3 

0 

D 

38 

0 

(' 

73 

0 


4 

2 

D 

39 

0 

D 

74 

>160 

D 

5 

2 

C 

40 

1600 


75 

8 


6 

0 

C 

41 

0 

C 

76 

0 

D 

7 

<1 

D 

42 

54 

D 

77 

0 


8 

92 

C 

43 

35 

D 

78 

3 

D 

9 

>160 

D 

44 

<1 

D 

79 

>160 


10 

>160 

D 

45 

>160 


80 

>160 

C 

11 

>160 

C 

46 

0 

D 

81 

0 

C 

12 

24 


47 

0 

C 

82 

>160 


13 

7 

D 

48 

0 


83 

160 

C 

14 

54 

D 

49 

0 

C 

84 

0 

C 




50 

3 

D 

85 

>160 


15 

>16,000 

C 







16 

95 


51 

>160 

D 

86 

22 


17 

5 

C 

52 

54 

C 

87 

5 

C 

18 

16,000 


53 

0 

D 

88 

0 

C 

19 

>16,000 

D 

54 

0 

D 

89 

3 


20 

35 


55 

0 


90 

0 

C 

21 

0 


56 

1 

C 

91 

0 

C 


>160 


57 

0 

C 

92 

>160 


a 

23 

2 


58 

>160 


93 

0 

C 

24 

<1 


59 

>160 

C 

94 

0 

C 

25 

0 


60 

0 

D 

95 

35 


26 

92 

D 

61 

160 

DS 


1 


27 

11,000 

C 

62 

<1 





28 

<1 


63 

0 

D 










Post-mortem 



29 

10 


64 

>160 


Appearance 

Proventriculus and 

30 

0 


65 

>160 

D 


duodenum enlarged 

31 

0 


66 

0 

DI 

S. bareilly 

Not recovered 

32 

0 


67 

0 





33 

<1 


68 

5 

D 

Serological 



34 

<1 


’ 69 

35 

D 

tests using 



35 

0 


70 

1 

D 

‘O’ antigen 

4000* 



Note: C = Clean shell. 

D — Soiled shell. 

I =* S. bareilly isolated from interior. 

S = S. bareilly isolated from shell. 

1 = Except for the 99th day, feces negative to the 110th day; 10 clean eggs also negative . 
* Serum dilutions of 1 : 20, 1 : 40, 1 : SO, 1 :160 „ 
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S. bareilly occurred during the second or third week. In succeeding weeks 
there was an evident tendency toward high counts the first few days after 
inoculation, with S. bareilly appearing in low numbers or not at all the latter 
part of the week. Of 60 eggs obtained during the period this hen was a carrier, 
two yielded S. bareilly , in one instance from the shell and in the other from the 
contents. The only abnormality noticed on post-mortem examination was 
the enlarged and highly vascularized proventriculus and duodenum. Table 
III also indicates how well egg production was maintained, except for the 
fourth and fifth weeks; this, together with the pattern shown by the fecal 
counts, suggests the development of resistance to repeated oral inoculations. 

S. oranienburg Experiments 

To determine the duration of artificial infection, four hens were given an 
oral inoculation of a 24 hr. broth culture of S. oranienburg , containing, accord¬ 
ing to plate count, 770,000,000 organisms. Fecal samples were examined 
daily for approximately three months and the results are shown in a somewhat 
condensed form in Table IV. This group was selected from pullets that were 
just starting to lay, but since they began to moult soon after inoculation, egg 
production was very low. In all, only 27 eggs were obtained for culture 
following inoculation; 19 of these were laid by B-l. S. oranienburg was not 
isolated from the shell or meat of any of these eggs. 

A finding of interest was the isolation of S. bonariensis from the feces of 
B-l and B-2 on the 10th and 8th days, respectively, after inoculation with 
S. oranienburg. As far as is known to the author, this is the first evidence of 
the association of this organism with fowl. 

Hen B-3 was sacrificed and examined on the 80th day, after a progressive 
illness of a week’s duration. It was apparently suffering from ‘big liver 
disease’. 5. orayiienburg was not recovered from this hen nor from the remain¬ 
ing three when cultured a few days later. 

To study the localization of the organisms, five hens were inoculated with a 
broth culture that gave a plate count of 860,000,000 per ml. Daily fecal 
examinations yielded only two S. oranienburg cultures, one from B-6 on the 
second day and one from B-10 on the eighth day, with the MPN per gram 
being 23 and 5, respectively. A hen was sacrificed at four-day intervals 
following inoculation, but it was not surprising, in view of the results of the 
fecal examinations, that no cultures were obtained at autopsy. No explana¬ 
tion can be given for the failure to establish infection in this group, though it 
was noticed, during the period of observation prior to inoculation, that the 
intestinal flora of these birds was somewhat different from that of the hens 
previously studied. Six eggs laid by this group after inoculation gave negative 
results to cultural studies. 

To determine the effect of repeated inoculations, B-5 was inoculated orally 
with S . oranienburg at weekly intervals for 12 consecutive weeks. Fecal 
studies indicated the same general picture as those of hen A-S shown in 
Table III. Four eggs only were obtained and these were negative on cultural 
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examination. Weekly serological tests showed some variation, but the titre 
at no time was higher than ‘one plus’ at 1/80 dilution of serum in S . oranienburg 
‘O’ antigen. This hen was autopsied at 90 days and was normal in appearance 
and negative culturally. 

Discussion 

It is recognized that the small number of hens employed in these experiments 
places a limitation on the value of the results obtained. For this reason a 
comparison of the results of the present study of S. bareilly infected hens with 
those of Gibbons and Moore (7), who used six hens, is of especial interest. 
They reported the excretion of S. bareilly from the intestinal tract of orally 
infected hens over a period of 18 to 38 days, the isolation of 5. bareilly from 
the intestinal tract and liver, and also from the shells of 3 of 37 eggs laid while 
the organism was being excreted. It is evident that the results of the present 
experiments, namely, a carrier period of 5 to 40 days, the isolation of S. bareilly 
from the intestinal tract and spleen, and from the shells or contents of 5 of 
124 eggs laid while the hens were carriers, show favourable agreement. The 
only significant difference has been the isolation of S. bareilly from egg contents. 
Of interest is the fact that the three eggs found in the present experiment 
with contaminated shells were classed as ‘dirties* while the shells of the two 
with contaminated contents were clean. 

With respect to the results of the S. oranienburg experiments, no significance 
can be attached to the failure to isolate the organism from the eggs because 
of the small number of eggs examined, and also because the low fecal counts 
obtained suggest a lower level of infection than that occurring in the S. bareilly 
inoculated hens. In the latter connection it is interesting to note that Edwards 
and Bruner (3) found the incidence of S. oranienburg in fowl to be approxi¬ 
mately half that of S. bareilly. 

Whether the intermittent isolation of oranienburg from the feces of B-l 
and B-4 indicates a prolonged carrier period is open to question since B-5, 
receiving weekly inoculations, was carried along simultaneously, and could, 
therefore, conceivably have served as a source of reinfection of these hens or 
accidental contamination of their feces. Precautions taken against these 
eventualities were: the housing of B-5 in the bottom row and the other birds 
in the top row of a three-tier bank of cages; and the use of aseptic technique 
in handling the feces. As a further precaution against accidental contamina¬ 
tion, the sample of feces from B-5 was the last to be taken each day. In 
addition to these possibilities, sampling error was doubtless large because no 
attempt was made to mix the total excretion of feces for the 24 hr. period 
before the samples were taken. 

The fact that Gauger and Greaves (4), in their study of artificial and natural 
o. typhi-munum infection in turkeys, isolated the organism from both shell 
and contents of eggs laid by the former group but from the shell only in the 
latter instance, emphasizes the importance of securing naturally infected hens 
for investigations of this nature, if at all possible. Considerable effort has 
been expcnce d to this end by the author, so far without success. 
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THE OXIDATION, IGNITION, AND DETONATION 
OF FUEL VAPORS AND GASES 

I. A REACTION CHAMBER ADAPTED TO DETERMINE THE EFFECT OF 
ANTIKNOCKS ON THE RAPID OXIDATION OF FUEL 
VAPOR AT HIGH TEMPERATURES 1 

Bv R. O. King 2 


Abstract 

Slow combustion experiments by conventional laboratory methods show that 
metallic dopes such as the iron and nickel carbonyls and tetraethyl lead act as 
antioxidants in respect of the liquid paraffins present in engine fuel, the effect 
being especially marked at high temperatures. Such an effect failed to account 
for the results of certain engine experiments which could be interpreted only on 
the assumption that the metallic dopes promoted oxidation of the ‘end gas’ which 
is known to be the seat of knock. 

The inconsistencies mentioned justified an investigation of conventional 
laboratory methods of measuring rate of oxidation. This led to the design of a 
small scale flow method reaction chamber in which a typical paraffin, such as 
pentane, containing iron carbonyl in small concentration and mixed w r ith air in 
combining proportions could be o\idi/ed to final products, without explosion, in 
a time of exposure of one second or less at temperatures rising to 700° C. Oxida¬ 
tion of the doped pentane was to the final products, carbon dioxide and steam, 
at all temperatures of reaction, rate of formation of carbon monoxide being 
barely measurable. On the other hand, the oxidation of pentane alone was 
accompanied by a profuse liberation of aldehyde, reaching a maximum rate at 
about 400° C. and giving a negative temperature coefficient of reaction over the 
range 400° to 500° C. Oxidation of the pentane alone occurred at a much lower 
rate, over the high temperature range, than when it contained iron carbonyl in 
the usual small proportion (£ of 1%). 

The new reaction chamber was used less successfully in demonstrating the 
effect of tetraethyl lead to promote the oxidation of pentane owing to difficulties 
arising from the properties of lead. A measurable promoting effect was, never¬ 
theless, obtained at all temperatures of reaction. 

The text has been restricted to an account of the development of a novel type 
of reaction chamber and to oxidations of pentane necessary for the purpose. 
The chamber is of more general application. 


Introduction 


Conventional laboratory bulb or flow methods yield results for the effect 
of antiknock substances on the oxidation of hydrocarbons used as engine fuel 
that are difficult or impossible to reconcile with the behavior of the substances 
in the combustion space of an engine. The reacting mixture in the usual 
laboratory apparatus is oxidized slowly and explosion occurs generally in the 
temperature range 500° to 600° C., unless the tube or bulb is packed. In the 
engine, however, complete oxidation of the reacting mixture occurs in a small 
fraction of a second, and the last portion to burn, the ‘end gas’, is exposed to 
temperatures rising to 800° C., depending on the compression ratio used. It 
was considered that the behavior of fuels in the combustion space of an engine 
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might be interpreted in terms of laboratory oxidations if a reaction chamber 
could be designed to operate without explosion at temperatures above 500° C. 
and at the same time provide for complete oxidation of fuel vapor in a time 
comparable with that of an engine combustion period. Experimental work 
was undertaken accordingly and the degree of success attained is shown by 
results described in Sections III and IV. 

Section I 

Review ok Published Experimental Results 

The effect of antiknocks such as tetraethyl lead and the iron and nickel 
carbonyls on the oxidation of hydrogen and the numerous hydrocarbon 
constituents of engine fuel has been studied by many investigators. Conven¬ 
tional ‘flow’ or ‘bulb’ methods of experiment were used and explosion of the 
combustible mixture undergoing oxidation occurred at temperatures ranging 
from 500° to 600° C. unless the oxidation space were ‘packed’. A complete 
review of the published experimental results would be lengthy and it will 
suffice to mention some of the more significant. 

Pope, Dykstra, and Edgar (8) using an open tube flow method found that 
tetraethyl lead tended to inhibit the oxidation of w-octane at temperatures 
rising to 600° C.; inflammation occurred at higher temperatures. 

Berl, Heise, and Winnacker (1) using a packed oxidation space were able 
to observe oxidations at 500° and 700° C. They obtained a more decided 
antioxidant effect for both tetraethyl lead and iron carbonyl in respect of' 
pentane and hexane and, for example, reported that “by the addition of 1% of 
iron carbonyl under the conditions stated, the hexane remains practically 
unchanged; the oxygen remains unused”. 

Mardles (5) using the bulb method over the temperature range 230° to 
320° C. found that tetraeth) 1 lead tended to inhibit the oxidation of hexane at 
temperatures above 250° C. but promoted the effect at lower temperatures, 
and in a later publication (6) described experiments, made with a conventional 
flow method, showing an oxidation promoting effect for either tetraethyl lead 
or iron carbonyl in respect of hydrogen, methane, and ethane, irrespective of 
temperature. The inversion of the effect of metallic dopes was mentioned. 
No explanation was offered other than the quoted opinion of Moureau and 
Dufraisse that certain substances may act as oxidants in respect of some 
compounds and as antioxidants in respect of others. 

Pidgeon and Egerton (7) using the bulb method at a constant temperature 
of 265° C. found the oxidation of pentane to be promoted when tetraethyl 
lead was freshly added; an inhibitory effect was observed after the metal of 
the dope became oxide. 

The experimental work to which reference has been made, as well as a great 
deal of similar work not mentioned, was initiated in an endeavor to explain the 
antiknock effect of metallic dopes. Knock was regarded by many as due 
primarily to an oxidation process beginning with the formation of explosive 
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organic peroxides. The metal of the dope was supposed to destroy the 
peroxide or, in some way rather difficult to explain, interrupt chain reactions 
in which peroxides were essential links. The experiments were of the slow 
combustion type made generally at relatively low temperatures, and it is 
difficult to use the results as a foundation for a rational explanation of the 
effect of the dopes on combustion of the end gas in an engine which goes to 
completion in a small fraction of a second on exposure to temperatures extend¬ 
ing to 800° C. The results are, however, in agreement in showing that, in the 
conditions in which they were obtained , the metallic antiknocks inhibit in 
varying degree the oxidation of the higher paraffins present in large proportion 
in commonly used engine fuel and mainly responsible for fuel knock. Some 
doubt was, however, cast on the validity of the antioxidant effect by finding 
that engine experimental results, not yet described, could be explained only 
by assuming that the dopes promoted oxidation in the related conditions. 

The disagreement between laboratory and engine experimental results 
was discussed with Dr. F. H. Garner, Chief Chemist in England of the 
Standard Oil Development Co., and Prof. E. K. Rideal. The discussion led 
to arrangements being made to undertake a series of oxidation experiments, 
using new methods, in the Colloid Science Laboratory, Cambridge University. 
The experiments are described in succeeding sections, beginning with a 
description of the preliminary work required to recover typical oxidation 
results obtained by others and to devise a reaction chamber to reproduce in 
some degree the temperature and ‘time of exposure* conditions prevailing in 
the combustion space of a carburetor engine. 

Section II 

Preliminary Experiments and Reaction Chamber No. 10 

Oxidation research is usually conducted with a particular form of a conven¬ 
tional method to determine the characteristics of a number of substances. 
Thus it seemed that whether metallic antiknocks promoted the oxidation of 
some substances or inhibited the effect in others or reversed in effect on 
increasing temperature might depend on the form or scale of the laboratory 
apparatus. Jt was decided, therefore, to depart from the usual procedure by 
selecting one typical liquid paraffin for all the experiments and to confine the 
variables to the scale and design of reaction spaces. 

The flow method of experiment was selected in preference to the bulb 
method for two principal reasons; (1) it permitted flexibility in the design and 
scale of the reaction space, and (2) it enabled samples of the reaction products 
to be withdrawn at any temperature for analysis. The experiments were 
made with mixtures of pentane vapor with air. The methods of fixing 
mixture strengths , of measuring rate of mixture supply to the reaction space, 
and of anal\ zing the oxidation products are described in the appendix. 
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Typical Oxidation Results (Mardles) for Pentane and Hexane , Conventional 
Flow and Bulb Methods 

The results have already been mentioned, Section I. Those for pentane 
obtained by Mardles (6) using the flow method are shown graphically by 
Fig. 1. It will be noted that oxidation begins at about 220° C. and proceeds 
the more rapidly in the doped mixture until the temperature reaches 400° C. 
The graphs then cross and at higher temperatures the pentane is oxidized 
more rapidly than with tetraethyl lead added. The conditions of the experi¬ 
ment are not stated in the text of the reference quoted but it is known that 



TEMPERATURE ,°C. 



* Fig. 1 


Fig. 2 



TEMPERATURE, °C. TEMPERATURE ,°C. 


Fig. 3 Fig. 4 

Fig. 1. Pentane oxidation (Mardles). Tube method, ~ = 25. Flow = 16 cc. per min. 
Fig. 2. Hexane oxidation (Mardles). Bulb method. 

Fig. 3. Pentane oxidation (King). Tube method, ^ = 32. Flow » 150 cc. per min. 
Fig. 4. Pentane oxidation (King). Tube method, =* 6. Flow = 150 cc. per min. 


the rate of mixture supply was approximately 1 litre per hour, determined by 
‘counting bubbles 1 . The combustion tube was the usual hard glass variety, 
12 mm. inside diameter supported horizontally in a tubular electric furnace 
12 in. long. The mixture strength was determined by weighing a surface 
carburetor ‘before and after*. Oxidation results obtained by Mardles (5) for 
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hexane, using the bulb method, are shown graphically by Fig. 2. Kxperi- 
mental details are given in the reference quoted. It will be noted that the 
reversal of the oxidation promoting effect of the tetraethyl lead is at approxi¬ 
mately 255° C\, that is, 145° C. lower than observed for the pentane oxidation. 

Effect of Changing Ratio of Length to Diameter of Combustion Tube 

The Cambridge experiments were begun with the conventional set up of a 
combustion tube in a tubular electric furnace except that the furnace was 
exceptionally long (24 in.), the combustion tube being of Pyrex approxi¬ 
mately 19 mm. internal diameter. The L to D ratio was, therefore, 32 
instead of 25 as used by Mardles. The results of the oxidation of pentane 
alone and with the small addition of 0.25% by weight of tetraethyl lead are 
given by the graphs of Fig. 3. Comparing them with those of Fig. 1, it will 
be noted that the promoting effect of tetraethyl lead at relatively low tempera¬ 
tures was similar to that observed by Mardles but was maintained until the 
temperature reached 500° C., that is, 100° C. higher. The experiments 
showed that the general characteristics of pentane oxidation already described 
in references given had been recovered. The next significant change in the 
reaction space was to reduce the L to D ratio to 6 by using a furnace 6 in. long 
and a (ombustion tube of 1.0 in. internal diameter. A Jena Supramax Glass 
tube was used in the expectation that it might be possible to carry oxidation 
to temperatures above 600° C. Temperatures were taken by a ring thermo¬ 
couple of two junctions surrounding the combustion tube at the position of 
maximum temperature instead of by the usual arrangement of a couple 
enclosed in a silica sheath and fixed within the combustion space. The hot 
upper end of the combustion tube was closed by a stainless steel block provided 
with an outlet tube and surmounted by a safety cap which blew off in the 
event of an explosion and prevented damage. All joints were ground and 
remained tight. 

The experimental results for pentane and pentane plus iron carbonyl 
oxidized in the short wide tube arc given by the graphs of Fig. 4. They are 
quite remarkable in showing a greater antioxidant effect than obtained by any 
others in open combustion tubes—moreover, there was no reversal of the 
effect; it persisted from the temperature of initiation to that of explosion. 
Similar results were obtained when the pentane was doped with tetraethyl 
lead. It will be noted that the explosion temperature increased over 100° C. 
on adding the antiknock compound to the pentane although rate of reaction 
diminished . It is also noteworthy that with the relatively large diameter tube 
a ‘hump’ showing a slight negative temperature coefficient of reaction appears 
in the graph for the oxidation of pentane undoped. Similar results were 
obtained when combustion tubes of the same L/D but of different materials 
were used. The materials tried were nickel-steel, silica, and graphite. 

The experiments seemed to have come to a dead end with an exceptionally 
complete verification of the antioxidant effect of tetraethyl lead in respect 
of a typical liquid paraffin and consequent confirmation of current theory that 
the antiknock effect is obtained accordingly. It was evident that if the 
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metallic antiknocks promoted oxidation at high temperatures, as seemed to 
be indicated by engine experiments, the effect could not be demonstrated by 
the use of conventional bulb or tube methods, and experiments were begun to 
design a new type of reaction chamber. 

Considerations Leading to the Development of a New Type of Reaction Chamber 

It is well known that deposits of metal and various metallic oxides remain on 
the interior surfaces of combustion tubes after oxidations of doped vapor 
.mixtures. It is difficult to examine the residues in long narrow tubes. Short 
wide tubes possess the advantage that the deposit can readily be inspected 
and the nature of that seen at any position related to the corresponding 
temperature. Moreover, there were in short tubes, when heated, very steep 
temperature gradients from the middle to the ends, and if the tube were used 
in a vertical furnace, the deposits were left in fairly distinct successive bands 
of metal and colored oxides on cooling the furnace and stopping the flow of 
doped mixture. It was observed for all the short tubes used for the experi¬ 
ments mentioned above that after high temperature oxidations of pentane 
containing tetraethyl lead or iron carbonyl a metallic mirror, as a band, 
remained at or near the position of entry of the tube into the furnace. It 
seemed, therefore, that little if any of the metal yielded by the dope reached 
the position of maximum tube temperature if that were much above the 
temperature of decomposition. 

Callendar’s experiments (2, 3) with organometallic compounds in sealed 
tubes showed that the decomposition of tetraethyl lead was nearly complete 
at 215° ('. and left a metallic mirror on the surface of the tube. Nickel 
carbonyl \apor decomposed readily at 150° C., the nickel being deposited on 
any available surface. Decomposition occurred solely on surfaces, not in the 
body of the vapor. The characteristic was, in fact, discovered by Mond 
many years earlier and remains the basis of the commercial method used to 
procure pure nickel. Callcndar’s experiments indicate that tetraethyl lead 
or iron carbonyl vapor when mixed with air and fuel vapor and passed through 
a heated combustion tube would not reach the .seat of a high temperature 
reaction before being decomposed at a lower temperature to yield metal which 
would be deposited on contact surfaces and oxidize rapidly in the conditions. 

In accordance with the above mentioned considerations, experiments were 
made to determine the position of iron carbonyl decomposition in a 1 in. 
diameter Pyrex tube set horizontally in a 6 in. tubular furnace. A pentane- 
air mixture in combining proportion was passed into the tube at the rate of 
ISO cc. per min. through a 6 mm. Pyrex inlet tube as shown by Fig. 5. The 
pentane contained iron carbonyl in the concentration of 0.5%. The reacting 
mixture was allowed to flow for two hours while the temperature indicated by 
a ring thermocouple surrounding the tube at the middle of the furnace was 
maintained at 400° C. The tube was used in the horizontal position because 
the deposits of metal and oxides give a better indication of the path of the 
mixture than when the tube is vertical and the deposits appear as bands. 
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The traces remaining on the tube on completion of the experiment were 
photographed and are shown in elevation and plan by A and B t Fig. 5. They 
indicate the path of the mixture in the tube to be as shown by C of the same 
figure. The entering mixture, being relatively cool, falls in a stream and 
leaves a small iron mirror where it strikes the bottom surface. It is then 
heated by contact with the glass and rises through the relatively cool mixture 
in the entrance end of the tube, the rising stream being divided by the small 
mixture admission tube on which deposits of red oxide are left. The stream 
then strikes the top of the tube receiving more heat and moves toward the 
middle. The markings show, however, that it falls away from the top surface, 
presumably when it reaches mixture of higher temperature and consequently 
lower density. 

It appears that when gaseous mixtures at room temperatures arc admitted 
to the cool end of a combustion tube a heating eddy is formed. Similarly a 
cooling eddy is formed when the mixture leaves through a central outlet. 

Except for the small iron mirror already mentioned, all the deposits from 
the eddy in the entrance end were red oxide and apparently nothing but that 
substance passed through the middle part, which is the position of maximum 
temperature and generally assumed to be that of the greatest degree of 
oxidation activity. That it did pass through was shown by the heavy deposit 
of oxide from the exit eddy. 

The experiment was of general interest in showing that ‘exposure time* as 
usually calculated is in error, but the point of immediate interest was the 
demonstration that the metal of the dope in a gaseous mixture passed through 
a conventional type of combustion tube tends to be deposited on surfaces at or 
near the entrance of the heating furnace as the temperature is raised. The 
deposition would be expected to increase with the magnitude of the entrance 
eddy, which in turn increases with increase in the tube diameter or a decrease 
in L to D ratio. Thus an explanation is afforded for the experimental results 
of Figs. 1, 3, and 4, showing that the antioxidant effect of the dope increases 
as the L to D ratio of the combustion tube diminishes. Obviously the effect 
of metallic dope on oxidation, as observed in engine experiments, w r ould be 
reproduced in laboratory experiments only if the dope were introduced into 
the actual reaction space before being decomposed. The experiment showed 
very definitely that this condition cannot be met with the conventional 
.straight-through combustion tube arrangement. 

Reaction Chamber No. 10 

The problem of designing a reaction chamber suitable for ensuring that the 
metal yielded on the decomposition of the dope content of pentane is present 
at the position of a high temperature reaction in a pentane-air mixture was 
not easy of solution. Reasonable finality of design was achieved with Reaction 
Chamber No. 10, illustrated by Hg. 6, A and B. A shows the complete 
arrangement as set up in an electric furnace and B an enlarged section of the 
reaction chamber and adjacent parts. 



Plate I 



A Side men of combustion tube 



B . Plan mei>. of combustion tube 




Flo 5 Shoeing the effect of heat convection on the flow path of a doped pentane-air 
mixture through a conventional combustion tube and the very small area on which metal is 
deposited as a mirror 
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It will be seen by reference to the figure that the reaction chamber is an 
inverted cup formed in the end of a tube which is contained within another of 
sufficiently large diameter to provide an annulus about 1.0 mm. wide for the 
escape of gas from the reaction space. The tubes may be of any material 
suitable for use at high temperatures, provided the decomposition and oxida¬ 
tion products of metallic dope will adhere to the heated surfaces. The lower 
end of the cup is nearly closed by an asbestos cement washer, fitting closely 



Fig. 6. General arrangement of Reaction Chamber No. 10 in electric furnace and enlarged 
section of chamber. 

in the outer tube and having a small central hole through which the gaseous 
reacting mixture is admitted as a jet from a small orifice in the top of a water 
cooled inlet device. It is important that the opening from the reaction 
chamber into the annulus should be no greater than required to avoid appreci¬ 
able resistance to the gas flow. The orifice was usually 1.0 mm. diameter but 
must be of such a size that the jet created by the mixture passing through it' 
will maintain a streamline fgrm until it strikes the top of the reaction chamber; 
preliminary experiment showed that in the circumstances metallic dope in the 
reacting mixture does not decompose until contact is made with the surface. 
The arrows, Fig. 6, B , show the path of the reacting mixture from the admission 
orifice, through the reaction chamber to the annulus and thence upward to 
the outlet tube at the upper end of the apparatus. 

The reaction chamber as used for most of the experiments was 12 mm. 
diameter and 22 mm. long, the volume being 2.5 cc. The reacting mixture 
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was generally supplied at the rate of 150 cc. per minute, that is, sufficient to fill 
the chamber 60 times per minute. The reaction space of a four stroke internal 
combustion engine is filled at the same rate when the speed is 120 r.p.m. 

The reaction chamber was supported in an electric furnace and thermo¬ 
couples for temperature measurement arranged as shown by the diagrams, 
Fig. 6. A pair of thermocouples made up of a wire ring, half iron and half 
constantan, giving junctions at opposite ends of a diameter, was used to 
measure ‘outside’ or furnace temperature. The ring fitted easily over the 
outer glass tube and the connections leading to an indicator are shown by the 
figure. A single thermocouple was used to measure the ‘inside’ temperature 
on the top of the reaction chamber. The thermocouples and the related 
indicators were supplied by the Cambridge Instrument Company. 

Jena Supramax glass reaction chambers were used for determining the 
effect of iron carbonyl on the oxidation of pentane. This variety of glass 
remains hard at temperatures exceeding 700° C. and resists attack by metallic 
oxides at lower temperatures. Decomposition and oxidation products of the 
carbonyl do not adhere to the glass until after a doped pentane-air mixture has 
been passed through the chamber for a short time while the temperature is 
maintained at about 700° C. The preliminary treatment effects a slight 
roughening of the glass. The chamber cannot properly be used for pentane 
oxidations after use with mixtures containing dope unless it is cleaned with 
hydrofluoric acid and washed with steam. 

The device for ensuring that unheated doped pentane-air mixture entered 
the reaction chamber is shown at A and H, Fig. 6. The 1 device was, of course, 
a cold body with the upper part adjacent to the high temperature reaction 
chamber and it was necessary to insulate it as thoroughly as possible 1 . The 
insulation comprised the asbestos cement washer already mentioned and, in 
addition, the body of the device was wrapped with layers of asbestos paper and 
the upper part wound with asbestos yarn to form a plug fitting tightly in the 
outer tube. The insulation arrangements are illustrated by B } Fig. 6. The 
water cooled inlet device may have caused some cooling of the lower end of the 
reaction chamber, but at least partial compensation was obtained by adjusting 
the apparatus in the furnace to bring the top of the reaction chamber slightly 
above the position of maximum temperature. The diagram A, Fig. 6, is in 
error in showing the chamber below the position of maximum temperature. 
In any event, reacting mixture's, passed through the chamber at much higher 
rates than generally used for laboratory experiments, could be raised to the 
temperatures, about 700° C., required for complete oxidation. 

The upper ends of the tubes of the reaction chamber became extremely hot 
when oxidation temperatures ran to 700° C. Rubber connections could not 
be used, and a special device illustrated by A, Fig. 6, was found to be satis¬ 
factory. The upper end of the outer glass tube was ground flat and made a 
joint on a flat surface of the stainless steel block. The inner glass tube passed 
through the block, in which a recess in the nature of a ‘stuffing box’ was turned. 
The recess was packed with asbestos. 
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Section III 

Trials of Reaction Chamber No. 10 

A combining proportions mixture of air with pentane containing iron 
carbonyl in the concentration of 0 5% by volume was supplied to the chamber 
at the rate of 150 cc. per min. and samples of oxidation products taken for 
analysis while the temperature was raised by steps to 700° C. The upper 
graph of hig. 7 shows the rate of oxygen reacted plotted against temperature. 



Fig. 7. Rate of oxidation of a doped pentane-air mixture in Reaction Chamber No. 10 
compared uith the rate m a conventional combustion tube. 

The lower graph of the figure shows the rate at which oxygen was reacted 
when a similar mixture was passed through a conventional open combustion 
tube, 25.0 mm. diameter in a 6 in. furnace, at the rate of 150 cc. per min., as 
described in Section II with reference to Fig. 4. 

The design of the reaction space constituted the sole difference between the 
conditions of the two experiments but the oxidation results differed in a some¬ 
what remarkable manner, thus, (a) oxidation in Reaction Chamber No. 10 
occurred at an extremely high rate especially at temperatures above 500° 
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At 600° C. the rate was 6.2 moles of oxygen reacted as compared with 0.7 
moles in the conventional combustion space having a volume 30 times greater 
if the length of tube inside the furnace is as usual regarded as reaction space, 
(b) the doped mixture did not explode in Reaction Chamber No. 10 in spite of 
the high rate of reaction, reaching substantial completion at 700° C. On the 
other hand a similar mixture in the combustion tube exploded at about 668° C. 
and the last sample taken before the event showed that only 1.6 moles of 
oxygen had reacted. Rates of oxygen reacted, and of carbon oxides formed, 
in Reaction Chamber No. 10 are shown by the graphs of Fig. 8. It will 
be noted that carbon monoxide formation was inappreciable, indicating 
that oxidation was to the final products, carbon dioxide and steam, at all 
temperatures of reaction. 

The colors of the deposits on the surface of the Reaction Chamber were as 
shown at B , Fig. 6. They appeared in distinct bands beginning with gray 
(iron) which covered the top of the chamber and extended a short distance 
down the wall, then mauve, brown, and finally brick red. The colors show the 
progress of oxidation of the iron in the carbonyl as it passes from the top to 
the bottom of the reaction chamber. 

Oxidation of Pentane ( Undoped) in Reaction Chamber No. 10 

The pentane-air mixture in combining proportions failed to explode when 
passed through the chamber although the temperature was raised to 660° C. 
The mixture was supplied as before at the rate of 150 cc. per min. The rates 
of ox) gen reacted are given by Graph A of Fig. 9. Graph B for doped pentane, 
reproduced from Fig. 7, is shown for comparison. 

It will be seen by reference to the graphs that the pentane alone is oxidized 
at a greater rate than when doped, over the temperature range 330° to 500° C. 
This is the temperature range of aldehyde formation and the graph shows what 
became known in subsequent work as the ‘aldehyde hump’ with a marked 
negative temperature coefficient of reaction. The rates of formation of carbon 
oxides are shown by the graphs of Fig. 10 and are significant of aldehyde 
formation. It is of interest to compare them with the graphs of Fig. 8, 
which show an almost complete absence of carbon monoxide in the oxidation 
products of the doped pentane. 

I he temperature region above 500° C. is of special interest because one of 
the objects of the investigation was to provide means for working in the 
temperature range of the ‘end gas’ in an engine. The very great effect of the 
carbonyl to promote oxidation at high temperatures will be noted. Thus, 
referring to hig. 9, at 600° C. with 0.5% of iron carbonyl in the pentane, 
6.2 moles of oxygen were reacted to form carbon dioxide and steam whereas 
without the carbonyl only 1.4 moles of oxygen were reacted and oxidation 
was not to final products. 

Inside and Outside Temperatures 

The ring thermocouples surrounding the outer tube of the reaction chamber 
would be expected to indicate a higher temperature than the couple resting on 
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the top of the reaction chamber and indicating more nearly the temperature of 
the chamber. Outside temperatures were, however, used for plotting results, 
merely to continue the practice begun before the development of a separate 
reaction chamber within an outer tube. 

When pentane alone was oxidized in the chamber, outside temperature was 
the higher by 17° C. at the beginning of the experiment. The difference 
reached a maximum of 25° C. at reaction temperatures of about 500° C. and 
then diminished to again become 17° C. at 600° C. The initial difference 
was again about 17° C. in the experiment with doped pentane, as would be 
expected. A maximum difference of 20° C. occurred at 400° C. and thereafter 
diminished to become 13° C. only at 700° C. 

The inside thermocouple rested on the top surface of the reaction chamber 
and the temperature differences given are consistent with the view that 
reaction occurred mainly on the upper surface of the chamber. The tempera¬ 
ture differences show that the rate of heat liberation was the greater when 
doped pentane was oxidized, as would be expected. 

Section IV 

Oxidation of Pentane Doped with Tetraethyl Lead in 
Reaction Chamber No. 10 

It is evident from the experiments described in Sections II and III that the 
rapid oxidation in Reaction Chamber No. 10, of pentane doped with iron 
carbonyl, was a surface effect probably occurring mainly on iron deposited 
on decomposition of the carbonyl. The iron so obtained covered a consider¬ 
able part of the reaction chamber surface as shown at B, Fig. 6, and mentioned 
earlier. An equal area of metal would not be expected when using lead dope 
because the surface of the chamber must be heated to a temperature far above 
the melting point of lead (327° C.) if the pentane is to be oxidized at an 
appreciable rate. Moreover, lead oxidizes with great rapidity in the condi¬ 
tions and the oxides tend to dissolve in glass at high temperatures. Thus 
after passing a pentane-air mixture doped wdth tetraethyl lead through the 
glass reaction chamber at high temperatures the wall surface remained smooth 
but discolored. There w r as, however, on the top surface a slight metal coating 
in the form of a disk about 4.0 mm. diameter covering the spot where the jet 
of cool reacting mixture impinged. The disk was surrounded by a ring of 
orange colored oxide about 1.0 mm. wide. Beyond it was a wider ring of 
light yellow grading off to chalk white. Similar deposits were procured in 
some quantity from other experiments and the chalk white substance identified 
as a lead oxycarbonate, Pb0.2PbC0 3 . The yellow color indicated that some 
PbO remained in the oxycarbonate. 

In spite of the difficulties it was possible by using a steel reaction chamber 
to obtain conditions in which tetraethyl lead acted to promote the oxidation of 
pentane at temperatures ranging to 650° C., although the effect was much 
smaller than observed for iron carbonyl, as would be expected in view of the 



338 


CANADIAN JOURNAL OF RESEARCH. VOL. 25, SEC. F. 



TEMPERATURE BY RING THERMOCOUPLES, *C. TEMPERATURE BY RMG THERMOCOUPLES, *C. 

Fig. 8 Fig. 9 

Fig. 8. Rates of carbon monoxide and carbon dioxide formation when doped pentane is oxidized in Reaction Chamber No. 10. 
Fig. 9. The effect of iron carbonyl on the oxidation of pentane in Reaction Chamber No. 10. 
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TEMPERATURE BY RING THERMOCOUPLES,°C. TEMPERATURE (INSIDE), "C. 

Fig. 10 Fig. 11 

Fig. 10. Rates of carbon monoxide and carbon dioxide formation when pentane (undoped) is oxidized in Reaction Chamber No. 10. 
Fig. 11 . Effect of tetraethyl lead on the oxidation of pentane in Reaction Chamber No. 10 (packed) 
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circumstances mentioned. The design was similar to that of the Jena glass 
chamber illustrated by Fig. 5, but a roll of stainless steel gauze was placed in 
the reaction space to increase the area of surface on which deposition of metal 
from the dope might occur. The jet of entering mixture passed into and 
through a central hole in the roll of gauze. 

The results of oxidations of pentane alone and pentane containing tetra¬ 
ethyl lead in the concentration of 1.0% are given by the graphs of Fig. 11. 
Temperatures are as given by an ‘inside’ thermocouple because the ‘ring’ 
thermocouples could not be used in contact with a steel tube. Referring to 
the graphs it will be noted that the ‘aldehyde hump’ with a negative tempera¬ 
ture coefficient of reaction has disappeared and that rate of reaction is the 
higher for the doped pentane at all temperatures to 650° C. with 75% of the 
oxygen reacted. At the temperature of 500° C. rate of oxygen reacted 
increased from 1.8 to 2.6 moles (44%) on the addition of the dope—the 
difference remained fairly constant as the temperature increased to 650° C. 
The oxidation promoting effect of the tetraethyl lead over the high tempera¬ 
ture range is of special interest because it is the opposite to that obtained in 
conventional combustion tubes. The reacting mixture was supplied to the 
reaction chamber at the rate of 50 cc. per min., so moles of oxygen reacted 
represent a lower rate of reaction than when the rate of supply was 150 cc. 
per min. as for the iron carbonyl experiments. The lower rate of reaction and 
the lack of an aldehyde hump are attributed to the effect of packing the 
reaction chamber. 

Section V 

Review of the Experimental Results 

Although the temperature and time of exposure conditions in an engine 
combustion space are approached in Reaction Chamber No. 10, an important 
other condition is not obtained. Thus the end gas in the engine is raised to an 
extremely high temperature* by compression while contained by relatively 
cool walls, except for the exhaust valve surface, but the mixture passing 
through Reaction Chamber No. 10 is raised in temperature by contact with 
the heated walls. 

The metal deposited on the relatively cool walls of the engine cylinder could 
persist as such for a longer time in an oxidizing atmosphere than when 
deposited on the hot walls of Reaction Chamber No. 10. This feature is 
illustrated by the difficulty of maintaining lead as compared with iron on the 
surface of the reaction chamber. The catalytic activity of any metal coating 
would, however, be expected to increase with rise in temperature. Thus the 
upper graph of Fig. 7, for the oxidation of pentane doped with iron carbonyl, 
shows a gradually increasing rate of oxidation as the temperature rises from 
200° C., but over the range 500° to 580° C. the rate increased from 1.5 to 5.6 
moles, that is, about 400% for a rise of 80° C. The rate of change of reaction 

* It is calculated from reliable indicator diagrams that when combustion is 90% complete in 
an engine, the teivperature of the remaining unburnt mixture (end gas) has been raised by com - 
presston to 670 0 C. when the compression ratio is 4 to 1, and to 800 ° C. when it is 9 to 1. 
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was in fact so great, as indicated by the slope of the graph, that a reliable obser¬ 
vation at 540° C. was obtained only after very careful stabilization of tempera¬ 
ture and other conditions. The rate of change of oxidation diminishes over the 
temperature range above 580° C. merely because reaction tends tocompletion. 

The experiments with Reaction Chamber No. 10 indicate that the oxidation 
of doped pentane is a heterogeneous reaction. If, contrary to accepted 
theory, the oxidation of pentane occurs similarly, aldehyde formation depend¬ 
ing merely on the nature of the contact surface, a simple fundamental explana¬ 
tion would become available for all the phenomena associated with the effect 
of metallic dopes on combustion in the engine. It is hoped that experiments 
made accordingly can be described in a subsequent publication. 
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APPENDIX 

Methods of Measurement 

Extended experimental work on oxidation, using a flow method, requires 
analyses of hundreds of gas samples and convenient methods of supplying 
reacting mixtures of known composition at known rates. The methods used 
for the experiments of Sections, 11 to IV will be described briefly in order to 
indicate that measurements were made with sufficient accuracy; a detailed 
description is unnecessary for present purposes and would require separate 
publication. 

Gas Analysis 

When pentane-air mixtures flowing through a conventional combustion 
tube are raised to high temperatures, such oxidation as may be obtained is 
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accompanied by the liberation of clouds of smoke, indicating that the gas 
issuing from the reaction space would contain some products of decomposition 
such as methane, hydrogen, and unsaturateds as well as those desired, namely, 
products of oxidation. A complete analysis would, therefore, be tedious and 
difficult. When, however, similar mixtures were passed through Reaction 
Chamber No. 10, oxidation generally occurred with great velocity at high 
temperatures and the course of the reaction could then be followed by deter¬ 
minations of oxygen reacted, and of carbon monoxide and carbon dioxide 
formed, using an Ambler gas analysis apparatus. 

Gas Samples: —The gases from the reaction chamber were passed through 
at least two condensers, the first cooled by water-ice and the second by solid 
carbon dioxide in acetone. The uncondensed gas could then, in the absence 
of appreciable pyrolysis, be assumed to contain only nitrogen, oxygen, and 
carbon oxides. Samples enough for two analyses were taken in 15 cc. test 
tubes by mercury displacement and the tubes transferred while still in the 
mercury trough to individual 10 cc. crucibles and stored in racks. 

4 Pentane * and Combining Proportions Mixtures: —The pentane, supplied by 
the Anglo-American Oil Company, was procured by fractional distillation ‘ 
from aromatic free petroleum spirit; distillation range 30° to 40° C., 60% 
being recovered below 33.5° C. The molecular composition was taken to be 
C5H12 and, assuming that air contains 20.9% of oxygen, the combining 
proportions mixture as admitted to the reaction chamber contains the gases 
in the proportion of 1 mole of pentane to 8 moles of oxygen to 30.3 moles of 
nitrogen. The accuracy of analysis depends on the proportion of nitrogen in 
the reacting mixture being known and if the reacting mixture contains oxygen 
and pentane in correct combining proportions, then when oxidation is complete , 
nitrogen and carbon dioxide only should be found in the gas collected from the 
condenser, a result which was sometimes achieved. 

Air Supply: —The air supply was obtained from the usual high pressure 
storage cylinders and was, therefore, nearly dry. The air discharged through 
two-stage regulators (British Oxygen Co.) and any desired rate of flow could be 
kept nearly constant. The air passed from the regulator through long glass 
capillary tubing and rate of flow was determined by pressure difference, the 
capillaries being calibrated in situ by the displacement method. 

Pentane Supply: —Pentane was required at a small constant rate. The 
rate is 0.470 gm. per hr. for a combining proportions mixture with air at 20° C. 
supplied at the rate of 100 cc. per min. The pentane was supplied at any 
desired rate by a Rideal microdoser (4). 

Carburetor: —The very simplest form only is required, especially with the 
more volatile fuels. The carburetor used for the experiments is illustrated, 
reference (4), and to ensure thorough mixing of the air and pentane vapor a 
length of about 3 ft. of i in. diameter glass tubing was interposed between the 
carburetor and the reaction chamber. 
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